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(54) Variable intake apparatus for in-line four-cylinder internal combustion engine 



(57) A variable intake apparatus for an in-line four- 
cylinder internal combustion engine includes a rotary 
valve 3 provided between an intermediate portion along 
the length of four air intake passages 4 1 to 4 4 and an 
intake air collecting chamber 5, and a control means 
switching the rotary valve 3 in triple stages in response 
to the engine speed. The control means is constructed 
such that at a low speed range, communications are 
blocked off between the adjacent intake passageways 

4 1 and 4 2 , 4 2 and 4 3 , 4 3 and 4 4 , at an intermediate speed 
range, communications are established between pairs 
of intake passageways 4 1 and 4 4 , 4 2 and 4 3 , and at a 
high speed range, communications are established not 
only between the adjacent intake passages 4 1 and 4 2 , 

4 2 and 4 3 , 4 3 and 4 4 , but also between the respective 
air intake passageways 4., to 4 4 and the intake collecting 
chamber 5. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an improved 
variable intake apparatus for an in-line four-cylinder in- 
ternal combustion engine which can obtain a high intake 
air charging efficiency and a high output torque over a 
wide engine speed range of the internal combustion en- 
gine from low to high engine speed ranges. 

2. Description of the Related Art 

[0002] Conventionally, various types of intake appa- 
ratuses have been proposed which are designed to 
make use of intake air pressure-wave pulse generated 
in air intake passages connecting to communicate with 
the respective cylinders of a multi-cylinder internal com- 
bustion engine, so as to obtain an extra charging effect 
by elevating the pressure at inlet ports of respective cyl- 
inders of the engine toward a latter half of an intake 
stroke in the respective cylinders. 
[0003] For example, the length and/or volume of in- 
take pipes is varied in response to the speed of an in- 
ternal combustion engine so as to obtain an inertial su- 
percharging effect and a resonance supercharging ef- 
fect in supercharging intake air. With a suitable combi- 
nation thereof, the intake air charging efficiency is highly 
maintained over a wide engine speed range from low to 
high engine speed ranges, whereby the output torque 
of the internal combustion engine is aimed at being im- 
proved. 

[0004] In in-line four-cylinder internal combustion en- 
gines, there has been proposed a variable intake appa- 
ratus in which the length of air intake passages commu- 
nicating with respective cylinders of an engine varies in 
triple stages such as for the low engine speed range, 
intermediate engine speed range and high engine 
speed range so as to obtain a high intake air charging 
efficiency to thereby aim at improving the output torque 
of the engine (JP-B-7-30698). Further, three has been 
proposed a variable intake apparatus in which junction 
portions where air intake passages communicating with 
respective cylinders of an engine are arranged in such 
a manner that the air intake passages are connected to 
the cylinders which do not have successive intake 
strokes are made to function as a resonating chamber, 
in which resonating pipes are provided on upstream 
sides of the resonating chambers so as to connect 
thereto along a direction in which the cylinders are ar- 
ranged, and in which a collecting portion is provided up- 
stream of the pair of resonating pipes. And, in the latter 
variable intake apparatus, the communication between 
the pair of resonating chambers is blocked off and es- 
tablished for the low and intermediate engine speed 
range and the high engine speed range of the internal 



2 

combustion engine so as to obtain a high intake air 
charging efficiency using resonating and inertial super- 
charging effects, to thereby aim at improving the output 
torque of the engine ( J P- A- 10-73024). 
5 [0005] However, with the former variable intake appa- 
ratus, two air intake control valves are needed which op- 
erate individually, and this increases the number of com- 
ponents used in and weight of the intake apparatus, re- 
sulting a problem that the engine is disadvantageous 
10 with respect to space. In addition, in the case of the latter 
variable intake apparatus in which the resonating super- 
charging effect is used in the low and intermediate en- 
gine speed range, the resonating chambers, resonating 
pipes and collecting chamber need to be provided, and 
15 the provision of the pair of resonating pipes increase the 
size of the intake apparatus itself in the direction in which 
the cylinders are arranged, this making the engine dis- 
advantageous with respect to the space in the direction 
in which the cylinders are arranged. Moreover, it has 
20 been difficult to obtain a flat intake air charging efficiency 
at a narrow portion between the low and intermediate 
engine speed range and the high engine speed range. 
[0006] There are variable intake apparatuses employ- 
ing a rotary valve in internal combustion engines (JP-B- 
25 7-253063). However, the rotary valve used in such var- 
iable intake apparatuses is such that the rotary valve is 
switched over in double stages in response to low and 
high engine speed ranges of the internal combustion en- 
gine and that only sealing between adjacent air intake 
30 passages is intended by effecting sealing between the 
adjacent air passages only with simple O-type seal 
rings. 

SUMMARY OF THE INVENTION 

35 

[0007] An object of the invention is to provide a vari- 
able intake apparatus for an in-line four-cylinder internal 
combustion engine which can solve the problems inher- 
ent in the conventional in-line four-cylinder internal com- 

40 bustion engines so as to obtain a high intake air charging 
efficiency over a wide range of engine speeds such as 
from the low engine speed range to the high engine 
speed range of an internal combustion engine to thereby 
obtain a high output torque and which can reduce the 

45 number of components used therein and simplify the 
construction thereof so as to require less space for pro- 
vision thereof. 

[0008] To solve the above object, there is provided a 
variable intake apparatus for an in-line four-cylinder in- 
50 ternal combustion engine, characterized in that: 

four air intake passages which are independent 
from each other and which connect to and commu- 
nicate with respective cylinders of the in-line four- 
55 cylinder internal combustion engine, respectively, 
at one ends thereof and a single intake air collecting 
chamber at the other ends thereof are arranged 
sideways in line with each other in a direction in 
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which the cylinders of the internal combustion en- 
gine are arranged; in that 

the air intake passages are curved so as to wind 
inwardly, and the intake air collecting chamber is 
disposed in an internal space in the curved portion 
of the air intake passages; in that 
a rotary valve is provided in such a manner that a 
part of the outer circumference thereof projects into 
intermediate portions along the length of the air in- 
take passages in an arc-like fashion; in that 
the rotary valve comprises control means that can 
be switched over In triple stages at equal intervals 
in response to the rotational speed of the internal 
combustion engine; in that 

the rotary valve establishes or cuts off a communi- 
cation between the air intake passages which are 
adjacent to each other or between each of pairs of 
air intake passages connecting to and communicat- 
ing with respective cylinders of pairs of cylinders 
which do not have successive intake strokes, at the 
one ends thereof; and in that 
the control means is constructed such that at a low 
engine speed range of the internal combustion en- 
gine, a communication is cut off between the air in- 
take passages which are adjacent to each other, at 
an intermediate engine speed range of the engine, 
a communication is established between each of 
the pairs of air intake passages connecting to and 
communicating with the respective cylinders of the 
pairs of cylinders which do not have successive in- 
take strokes at one ends thereof, and at a high en- 
gine speed range thereof, a communication is es- 
tablished between the air intake passages which 
are adjacent to each other. 

[0009] According to the invention, the four air intake 
passageways are provided so as to be arranged side- 
ways in line with each other which are independent from 
each other and which connect to and communicate with 
respective cylinders of an in-line four-cylinder internal 
combustion engine, respectively, atone ends and a sin- 
gle intake air collecting chamber at the other ends there- 
of . As a result, the respective air intake passageways in 
no case intersect with each other, and the intake appa- 
ratus (an intake manifold) can be formed compact in the 
direction in which the cylinders of the engine are ar- 
ranged, providing a good space efficiency. Additionally, 
the equalization of the lengths of the respective air in- 
take passageways can be eased. 
[0010] In addition, provided between the intermediate 
portion along the length of the four air intake passage- 
ways which are independent from each other and the 
intake air collecting chamber is the rotary valve which is 
adapted to establish or cut off a communication in a 
shortcut fashion between the respective air intake pas- 
sageways and the intake air collecting chamber, and the 
rotary valve comprises the control means that can be 
switched over in triple stages at equal intervals in re- 
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sponse to the rotational speed of the internal combus- 
tion engine, the control valve being adapted to control 
and switch over the rotary valve such that, at a low en- 
gine speed range of the internal combustion engine, a 
5 communication is cut off between the air intake pas- 
sageways which are adjacent to each other, at an inter- 
mediate engine speed range of the engine, a communi- 
cation is established between each of the pairs of adja- 
cent air intake passageways connecting to and commu- 
te nicating with the respective cylinders of the pairs of cyl- 
inders which do not have successive intake strokes at 
one ends thereof, and at a high engine speed range 
thereof, a communication is established between the air 
intake passageways which are adjacent to each other 
15 and a communication is also established in a shortcut 
fashion between the respective air intake passage ways 
and the intake air collecting chamber. 
[0011] As a result, at the low engine speed range of 
the internal combustion engine, the intake air collecting 
20 chamber functions as a portion which is open to the at- 
mosphere and hence becomes a reverse chamber 
where intake pressure wave pulses are reversed, 
whereby the intake pressure wave pulse inside the long 
air intake passageways between the combustion cham- 
ps bers and the intake air collecting chamber which has a 
low natural frequency is tuned to the long opening and 
closing cycle of the inlet valve based on the low engine 
speed of the engine to thereby obtain a high inertial su- 
percharging effect, whereby a high intake air charging 
30 efficiency can be obtained for each cylinder, thereby 
making it possible to improve the output torque of the 
engine. 

[0012] Moreover, at the intermediate engine speed 
range, the air intake passageway portions upstream of 

35 the communicating portion between the pairs of adja- 
cent air intake passageways connecting to and commu- 
nicating with the cylinders wh ich do not have successive 
intake strokes at one ends thereof constitute a resonat- 
ing system for each of the pairs of cylinders, whereby 

^0 intake pressure waves remain unreversed in the respec- 
tive air intake passageways and the communicating por- 
tion and can be propagated for the following intake 
stroke in the other cylinder of the same pair of cylinders, 
allowing a high resonating supercharging effect to be 

45 obtained, so that a high intake air charging efficiency 
can be obtained for each cylinder of the pair of cylinders 
which does not have successive intake strokes to there- 
by improve the output torque, thus making it possible to 
compensate for drops in' intake air charging efficiency 

50 and output torque at the intermediate portion between 
the low and high engine speed ranges. 
[0013] Furthermore, at the high engine speed range, 
the communicating chamber between the adjacent air 
intake passageways functions as the portion which is 

55 open to the atmosphere, and the communicating cham- 
ber becomes the reverse chamber where intake pres- 
sure wave pluses are reversed, whereby the intake air 
pressure wave pulse in the short air intake passage- 
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ways extending from the combustion chambers to the 
communicating chamber which has a high natural fre- 
quency is tuned to the short opening and closing cycle 
of the intake valve based on the high rotational speed 
of the engine to thereby obtain a high inertia! super- 
charging effect, and this allows a high intake air charging 
efficiency to be obtained for alt the cylinders, thereby 
making it possible to improve the output torque of the 
engine. Thus, the high intake air charging efficiency and 
the high output torque can be obtained over a wide 
range of engine speed range from the low engine speed 
range to the high engine speed range. 
[0014] In addition, at the high engine speed range, 
since the respective air intake passageways and the in- 
take air collecting chamber are caused to communicate 
with each other in a shortcut fashion via the rotary valve, 
the respective air intake passageway portions (long air 
intake passageway portions)upstream of the communi- 
cating chamber between the adjacent air intake pas- 
sageways are made thinner, and even if the low engine 
speed range is shifted down towards a lower engine 
speed side, an intake airflow rate which is required at 
the high engine speed range can be acquired sufficient- 
ly, whereby the intake apparatus can be formed more 
compact. 

[0015] Moreover, since the high intake air charging ef- 
ficiency and the high output torque can be obtained over 
the wide engine speed range which ranges from the low 
engine speed area to the high engine speed area by 
controlling to switch over the rotary valve provided be- 
tween the intermediate portion along the length of the 
four air intake passageways which are independent 
from each other and the intake air collecting chamber in 
such a manner as to switch it over in triple stages at 
regular intervals in response to the rotational speed of 
the internal combustion engine, the number of compo- 
nents such as valves and actuators can be reduced, 
whereby the production costs can be reduced, the con- 
struction and weight of the apparatus can be simplified 
and reduced, respectively. This eases the provision of 
the variable intake apparatus for an in-line four-cylinder 
internal combustion engine which requires less space 
for installation thereof. In addition, since with the rotary 
valve, the valve body and the shaft portion thereof do 
not protrude into the air intake passageways, there is 
no risk of the intake resistance being increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

Fig. 1 is a schematic perspective view of a first em- 
bodiment of a variable intake apparatus for an in- 
line four-cylinder internal combustion engine ac- 
cording to the invention, showing an imaginary view 
of the apparatus as viewed by cutting away an up- 
per half of an air intake passage portion along air 
intake passages in which the status of a rotary valve 



when the internal combustion engine is in a low en- 
gine speed range thereof is illustrated in conjunc- 
tion with the status of intake air flowing through the 
air intake passages in that range; 
5 Fig. 2 is a cross-sectional view of the variable intake 

apparatus of Fig. 1 showing the complete air intake 
passages; 

Fig. 3 is a view similar to Fig. 1 , showing the status 
of the rotary valve when the internal combustion en- 

10 gjne is in an intermediate engine speed range there- 
of in conjunction with the status of intake air flowing 
through the air intake passages in that range; 
Fig. 4 is a view similar to Fig. 2, which is a cross- 
sectional view of the variable intake apparatus 

15 shown in Fig. 3; 

Fig. 5 is a view similar to Fig. 1, which shows the 
status of the rotary vah/e when the internal combus- 
tion engine is in a high engine speed range thereof 
in conjunction with the status of intake air flowing 

20 through the air intake passages in that range; 

Fig. 6 is a view similar to Fig. 2, which shows a 
cross-sectional view of the variable intake appara- 
tus shown in Fig. 5; 

Fig. 7 is a diagram explaining an operation of the 
25 variable intake apparatus shown in Fig. 1 ; 

Fig. 8 is a diagram showing characteristics of the 
variable intake apparatus according to the inven- 
tion; 

Fig. 9 is a schematic perspective view of a variable 
30 intake apparatus for an in-line four-cylinder internal 
combustion engine according to a second embodi- 
ment of the invention, showing an imaginary view 
of the apparatus as viewed by cutting away an up- 
per half of an air intake passage portion along air 
35 intake passages in which the status of a rotary valve 
when the internal combustion engine is in a low en- 
gine speed range thereof is illustrated in conjunc- 
tion with the status of intake air flowing through the 
air intake passages in that range; 
40 Fig. 1 0 is a cross-sectional view of the variable in- 
take apparatus of Fig. 9, showing the complete air 
intake passages; 

Fig. 11 isa view similar to Fig. 9, showing the status 
of the rotary valve when the internal combustion en- 

45 gine is in an intermediate engine speed range there- 
of in conjunction with the status of intake air flowing 
through the air intake passages in that range; 
Fig. 12 is a view similar to Fig. 10, which is across- 
sectional view of the variable intake apparatus 

50 shown in Fig. 11; 

Fig. 13 is a view similar to Fig. 9, which shows the 
status of the rotary valve when the internal combus- 
tion engine is in a high engine speed range thereof 
in conjunction with the status of intake air flowing 

55 through the air intake passages in that range; 

Fig. 14 is a view similar to Fig. 10, which shows a 
cross-sectional view of the variable intake appara- 
tus shown in Fig. 13; 



4 



3NSDOCID: <EP, 



.1122410A2J_> 



7 



EP 1 122 410 A2 



8 



Fig. 15 is a diagram explaining an operation of the 
second embodiment of the variable intake appara- 
tus shown in Fig. 9; 

Fig. 1 6 is a schematic perspective view of a variable 
intake apparatus for an in-line four-cylinder internal 5 
combustion engine according to a third embodi- 
ment of the invention, showing an imaginary view 
of the apparatus as viewed by cutting away an up- 
per half of an air intake passage portion along air 
intake passages in which the status of a rotary valve w 
when the internal combustion engine is in a low en- 
gine speed range thereof is illustrated in conjunc- 
tion with the status of intake air flowing through the 
air intake passages in that range; 
Fig. 1 7 is a cross-sectional view of the variable in- 15 
take apparatus of Fig. 16; 

Fig. 18 is a view similar to Fig. 16, showing the sta- 
tus of the rotary valve when the internal combustion 
engine is in an intermediate engine speed range 
thereof in conjunction with the status of intake air 20 
flowing through the air intake passages in that 
range; 

Fig. 1 9 is a view similar to Fig. 1 7, which is a cross- 
sectional view of the variable intake apparatus 
shown in Fig. 18; 25 
Fig. 20 is a view similar to Fig. 1 6, which shows the 
status of the rotary valve when the internal combus- 
tion engine is in a high engine speed range thereof 
in conjunction with the status of intake air flowing 
through the air intake passages in that range; 30 
Fig. 21 is a view similar to Fig. 17, which shows a 
cross-sectional view of the variable intake appara- 
tus shown in Fig. 20; 

Fig. 22 is a cross-sectional view of a peripheral por- 
tion of a rotary valve of a variable intake apparatus 35 
for an in-line four-cylinder internal combustion en- 
gine according to a fourth embodiment of the inven- 
tion, corresponding to Fig. 17; 
Fig. 23 is a cross-sectional view showing the pe- 
ripheral portion of a rotary valve of the fourth em- 40 
bodiment corresponding to Fig. 19; 
Fig. 24 is a cross-sectional view showing the pe- 
ripheral portion of the rotary valve of the fourth em- 
bodiment corresponding to Fig. 21 ; 
Fig. 25 is a diagram explaining an operation of the 45 
variable intake apparatus for an in-line four-cylinder 
internal combustion engine of the third embodi- 
ment; 

Fig. 26 is a perspective view of the rotary valve of 
Fig. 1 and seal members for use in a seal construe- so 
tion of the rotary valve according to a fifth embodi- 
ment of the invention; 

Fig. 27 is an enlarged cross -sectional view of the 
same rotary valve; and 

Fig. 28 is a perspective view showing the rotary 55 
valve shown in Fig. 9 and seal members for use in 
a seal construction of the same rotary valve accord- 
ing to a sixth embodiment of the invention, which 



corresponds to Fig. 26. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

<First Embodiment 

[0017] Referring to Figs. 1 to 8, a description will be 
given of a first embodiment of the invention. Note that 
in the following description, cylinders of the internal 
combustion engine are arranged in a transverse direc- 
tion, and that the left-hand side of the variable apparatus 
shown in Fig. 1 is to be regarded as the left-hand side 
of the same apparatus when it is installed in place on 
an automotive vehicle. 

[0018] In Figs. 1 and 2, a variable intake apparatus 1 
for an in-line four-cylinder internal combustion engine 
according to the invention comprises an intake manifold 
2 having juxtaposed first to fourth four air intake passag- 
es 4 1 to 4 4 which are independent from one another and 
which connect, respectively, to cylinders Nos. 1 to 4 (not 
shown) of the internal combustion engine at one ends 
thereof and to a single intake air collecting chamber 5 
at the other ends thereof. 

[0019] The cylinders Nos. 1 to 4 are fired in the order 
of cylinder No. 1 , cylinder No. 3, cylinder No. 4 and cyl- 
inder No. 2. Therefore, intake strokes in the respective 
cylinders take place in that order, and the cylinders Nos. 
1 and 4 constitute a pair of cylinders which does not 
have successive intake strokes, whereas the cylinders 
Nos. 2 and 3 constitute a pair of cylinders which does 
not have successive intake strokes. 
[0020] According to the construction, the pairs of air 
intake passages connecting to and communicating with 
the pair of cylinders which does not have successive in- 
take strokes are the pair of the first and fourth air intake 
passages 4 1 , 4 4 connecting to and communicating with 
the respective cylinders of the pair of cylinders Nos. 1 , 
4 at one ends thereof and the pair of the second and 
third air intake passages 4 2 , 4 3 connecting to and com- 
municating with the respective cylinders of the pair of 
cylinders Nos. 2, 3 at one ends thereof. 
[0021] As shown in Fig. 2, the first to fourth air intake 
passages 4 1 to 4 4 are made substantially equal in length 
and are curved so as to wind inwardly, and an intake air 
collecting chamber 5 is provided so as to connect to and 
communicate with distal ends of the air intake passages 
so wound. This intake air collecting chamber 5 together 
with an adjacent air intake duct 6 is provided so as to 
be embraced within an interior space resulting by virtue 
of the curvature of the curved first to fourth air intake 
passages 4 1 to 4 4 with an intention to make the compact 
variable intake apparatus 1 . 

[0022] Intake air led to the air intake duct 6 via an air 
cleaner and a throttle body which are both not shown 
then flows into the intake air collecting chamber 5 having 
a relatively large volume, where it is collected. When the 
internal combustion engine is in its low to intermediate 
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engine speed range, the intake air then flowing out of 
the intake air collecting chamber 5 is divided so as to 
flow through the first to fourth air intake passages 4 1 to 
4 4 which are relatively long passages into the cylinders 
Nos. 1 to 4 for intake thereinto. Although a communicat- 
ing path between the intake duct 6 and the intake air 
collecting chamber 5 is not shown, the communicating 
path is provided at a central portion along the length of 
the intake air collecting chamber 5, whereby the length 
of the air intake passages including the first to fourth air 
intake passages 4 1 to 4 4 which leads from the intake air 
collecting chamber 5 to the respective cylinders Nos. 1 
to 4 is made to be equal. 

[0023] First to fourth openings 7 1 to 7 4 each having a 
substantially rectangular shape when viewed from the 
front are formed, respectively, in bottom walls of the first 
to fourth air intake passages 4 1 to 4 4 at intermediate po- 
sitions along the lengths thereof. And, a single-unit ro- 
tary valve 3 is provided such that part thereof (an arc- 
like portion thereof extending one third the outer circum- 
ference thereof) protrudes, respectively, into the first to 
fourth air intake passages 4 1 to 4 4 through the first to 
fourth openings 7 1 to 7 4 and also that part thereof pro- 
trudes, respectively, into the first to fourth airintake pas- 
sages 4 1 to 4 4 as viewed from the side in the axial di- 
rection thereof (refer to Fig. 2). 

[0024] This rotary valve 3 is provided in an accommo- 
dation chamber between the intermediate position 
along the length of the respective first to fourth air intake 
passages 4 1 to 4 4 and the intake air collecting chamber 
5 for establishing in a shortcut fashion or cutting off in a 
communication between the respective first to fourth air 
intake passages 4 1 to 4 4 and the intake air collecting 
chamber 5 via a communicating chamber 1 0, which will 
be described later, inside the rotary valve 3, two com- 
municating ports 11.,, 11 2 andthefirstto fourth openings 
7 1 to 7 4 by being switched over in response to the rota- 
tional speed of the internal combustion engine, as will 
be described later. 

[0025] A main body wall portion 8 of the intake mani- 
fold 2 which constitutes a partition between the accom- 
modation chamber of the rotary valve 3 and the air in- 
take duct 6 has an arc-like surface corresponding to an 
imaginary circumferential surface of the rotary valve 3 
which is one third of the outer circumference of the same 
valve and functions not only to support the rotational 
movement of the rotary valve but also to close the com- 
municating chamber 1 0, which will be described later, 
and a second communicating chamber (communicating 
chamber 12, communicating chamber 13) which are 
both formed inside the rotary valve 3. 
[0026] Next, the construction, operation and effective- 
ness of the rotary valve 3 will be described. 
[0027] As shown in Fig. 2, the rotary valve 3 has three 
imaginary surfaces a, b, c which are partitioned at equal 
intervals in the circumferential direction as viewed from 
the side in an axial direction of the valve, and as will be 
described in detail below, it is constructed, by sequen- 



tially switching over the three imaginary surfaces a, b, c 
in triple stages in the circumferential direction in re- 
sponse to the rotational speed of the internal combus- 
tion engine, such that a communication is established 
5 or blocked off between the adjacent air intake passages 
4 1 and 4 4 , 4 4 and 4^ and 4 2 and 4 3 or between each of 
the pairs of adjacent air intake passages 4 1 and 4 4 , 4 2 
and 4 3 which connect to and communicate with the re- 
spective cylinders of the pairs of cylinders which do not 
10 have successive intake strokes and such that a commu- 
nication is established in a shortcut fashion or blocked 
off between the respective air intake passages 4 1 to 4 4 
and the intake air collecting chamber 5. 
[0028] Provided in the imaginary surface a side, which 

15 is one of the three imaginary surfaces a, b.cofthe rotary 
valve 3 is the first commu nicating chamber 1 0 which can 
establish a communication between the adjacent air in- 
take passages 4 1 and 4 4 , 4 4 and 4 2 , and 4 2 and 4 3 , as 
shown in Fig. 5 and Fig. 6. As shown in Fig. 3, the first 

20 communicating chamber 10 communicates with the 
communicating ports 11 1l 11 2 formed so as to coincide 
with the first and fourth openings 7 V 7 4 of the first and 
fourth air intake passages on another side b of the three 
imaginary surfaces, and therefore, when the rotary 

25 valve 3 is located at a rotational position as shown in 
Figs. 5 and 6, intake air inside the intake air collecting 
chamber 5 flows across the interior of the rotary valve 
3 and in a direction parallel with the axis thereof via the 
first communicating chamber 1 0, the two communicat- 
ee ing ports 11 1f 11 2 (these communicating ports facing the 
intake air collecting chamber 5) and then flows into the 
first to fourth air intake passages 4 1 to 4 4 , respectively, 
whereby the respective air intake passages 4 1 to 4 4 and 
the intake air collecting chamber 5 are caused to com- 

35 municate with each other in a shortcut fashion. 

[0029] As shown in Figs. 3 and 4, provided in the im- 
aginary surface b side, which is another of the three im- 
aginary surfaces a, b, c of the rotary valve 3, for the two 
pairs of the air intake passages are second communi- 

40 eating chambers which can establish communications, 
respectively, between the pair of adjacent first and fourth 
air intake passages 4 1t 4 4 connecting to and communi- 
cating with the respective cylinders of the pair of cylin- 
ders Nos. 1 and 4 which does not have successive in- 

45 take strokes at one ends thereof and the pair of adjacent 
second and third air intake passages 4 2 , 4 3 connecting 
to and communicating with the respective cylinders of 
the pair of cylinders Nos. 2 and 3 which does not have 
successive intake strokes at one ends thereof. 

so [0030] One of the two communicating chambers is the 
communicating chamber 12 for establishing a commu- 
nication between the pair of second and third air intake 
passages 4 2 , 4 3 which are adjacent to each other, and 
the other is the communicating chamber 13 for estab- 

55 lishing a communication between the pair of first and 
fourth air intake passages 4^ , 4 4 which are spaced away 
from each other. The latter communicating chamber 13 
overlaps the aforesaid first communicating chamber 10. 
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This first communicating chamber 1 0 is closed with the 
main body wall portion 8 of the intake manifold 2 when 
the rotary valve 3 is located at a rotational position as 
shown in Figs. 3 and 4, but the first communicating 
chamber 10 remains open to the first and fourth air in- 
take chambers 4 V 4 4 via the first and fourth openings 
7 1 , 7 4 only at end portions communicating with the com- 
municating ports 1 1 -, , 1 1 2 . Thus, the main body wall por- 
tion 8 of the intake manifold 2 closes the rotary valve 3 
over substantially one third of the outer circumference 
thereof in an arc-like fashion. 

[0031] The communicating chamber 12, which is the 
one of the second communicating chambers, is sur- 
rounded and formed by a partition wall (a third partition 
wall ) 14 for constituting a partition between the surface 
a, which is one of the three imaginary surfaces, and the 
surface b, which is another of the three imaginary sur- 
faces, over a length extending between the second and 
third air intake passages 4 2 , 4 3 , a partition wail (a first 
partition wall) 15 for constituting a partition between the 
surfaces a and b, and the surface c, which is the other 
surface of the imaginary surfaces over the full length of 
the rotary valve 3, a partition wall (a first fourth partition 
wall) 16 for constituting a partition between first and sec- 
ond air intake passages 4 1f 4 2 and a partition wall (a 
second forth partition wall) 1 7 for constituting a partition 
between the third and fourth air intake passages 4 3 , 4 4 . 
The partition wall (the third partition wall) 14 is formed 
into a configuration which is depressed inwardly of the 
rotary valve 3 such that cross-sectional areas of the 
communicating chamber 12 becomes equal to those of 
the second and third air intake passages 42, 4 3 . 
[0032] As shown in Figs. 1 and 2, provided in the im- 
aginary surface c, which is the other of the three imag- 
inary surfaces a, b, c of the rotary valve 3, are partition 
walls (second partition walls 1 to 3) adapted to block off 
a communication between the adjacent air intake pas- 
sages 4 1 and 4 4 , 4 4 and 4 2 , and 4 2 and 4 3 . These par- 
tition walls consist of crescent-shaped partition walls 
(second partition walls 1 to 3) 18 to 20 adapted to func- 
tion as partitions between the air intake passages and 
the aforesaid partition wall (the first partition wall) 15. 
Then, when the rotary valve 3 is located in a rotational 
position as shown in Figs. 1 and 2, the partition walls 
block off a communication between the adjacent air in- 
take passages 4., and 4 4 , 4 4 and 4 2 , and 4 2 and 4 3 , re- 
spectively, so as to provide four independent passages 
constituting the long air intake passages 4 1 to 4 4 which 
are perfectly independent from one another. 
[0033] The partition wall 1 5 is curved so as to protrude 
into the respective air intake passages 4 1 to 4 4 in such 
a manner as not to change the sectional configuration 
of the respective air intake passages 4 A to 4 4 along the 
longitudinal direction of the passages and is also curved 
so as to be depressed slightly towards the interior of the 
rotary valve 3 so that the cross-sectional configurations 
of the respective air intake passages 4 1 to 4 4 along a 
direction normal to the longitudinal direction thereof are 



not changed. 

[0034] The first to fourth partition walls 14 to 20 and 
the first and second communicating chambers 10, 12, 

13 will be described in greater detail. 

5 [0035] The first partition wall 1 5 extends between two 
vortexes of an equilateral triangle obtained by dividing 
at equal intervals the outer circumference of the rotary 
valve 3 into three and has a length corresponding to the 
length over which the four air intake passages 4 1 to 4 4 

10 which are independent from each other are arranged 
sideways in line with each other. The three second par- 
tition walls 18 to 20 are provided on the first partition 
wall 1 5 contiguously therewith so as to cut off a commu- 
nication between the adjacent air intake passages 4 1 

15 and 4 4 , 4 4 and 4^, and 4 2 and 4 3 . The third partition wall 

14 extends between the remaining vortex of the equilat- 
eral triangle and a point in the vicin ity of one of side edg- 
es (an upper side edge as viewed in Fig. 2) of the first 
partition wall 15 and has a length corresponding to the 

20 length over which the two central air intake passages 4 2 
to 4 3 which are independent from each other are ar- 
ranged sideways in line with each other. The two fourth 
partition walls 16,17 are provided along left and right 
side edges in such a manner as to be contiguous there- 

25 with and block off a communication between the left- 
side pair of adjacent air intake passages 4 1$ 4 2 and be- 
tween the right-side pair of adjacent air intake passages 
4 3 , 4 4 . Since the first communicating chamber 10 and 
the connecting chamber 1 3, which is the other of the two 

30 second communicating chambers, overlaps each other, 
the rotary valve 3 is to have two communicating cham- 
bers which are the communicating chamber 10 and the 
communicating chamber 12. 

[0036] The rotary valve 3 comprises a control means 
35 for switching over the rotary valve in triple stages in re- 
sponse to the rotational speed of the internal combus- 
tion engine such that any of the three imaginary surfaces 
a, b, c faces the first to fourth openings 1 A to 7 4 in the 
first to fourth air intake passages 4 n to 4 4 . Electric or 
40 negative pressure actuators(not shown) are employed 
in the control means. 

[0037] The actuators are disposed on the intake ap- 
paratus 1 at one end of the rotary valve 3. The rotary 
valve 3 is constructed so as to operate sequentially in 

45 stages in response to the rotational speed of the internal 
combustion engine and rotates clockwise and counter- 
clockwise in response to fluctuations in rotational speed 
of the internal combustion engine. With electric actua- 
tors being used, an electric motor may only have to be 

50 actuated in stages by signals from the control means. 
With negative pressure actuators being used, a dia- 
phragm provided with at least two negative pressure 
chambers is needed, and a control valve is provided in 
each of the negative pressure chambers. The rotary 

55 valve 3 can operate in stages by actuating the control 
valves sequentially in response to the rotational speed 
of the internal combustion engine for introduction of neg- 
ative pressures. This introduction of negative pressures 
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(instruction) is carried out by the control means, and 
negative pressures are introduced from a downstream 
of the throttle valve for distribution to the respective con- 
trol valves via negative chambers. 
[0038] The control means controls and switches over 
the rotary valve 3 as will be described below in response 
to the rotational speed of the internal combustion en- 
gine. 

[0039] First, In the event that the internal combustion 
engine is in its low engine speed range in which the ro- 
tational speed N of the engine is lower than a predeter- 
mined rotational speed N 1 (N<N 1 ), the control means 
controls and switches over the rotary valve 3 such that 
the other imaginary surface c of the three imaginary sur- 
faces a, b, c of the rotary valve 3 faces the first to fourth 
openings 7 1 to 7 4 in the first to fourth air intake passages 
4 1 to 4 4 , whereby communications between all the ad- 
jacent air intake passages 4., and 4 4 , 4 4 and 4 2 , and 4 2 
and 4 3 are blocked off by the partition wall 15 and the 
partition walls 1 8 to 20 to thereby form the first to fourth 
air intake passages which are long and perfectly inde- 
pendent from one another. 

[0040] Then, intake air inside the intake air collecting 
chamber 5 flows into and through the first to fourth long 
air intake passages 4-, to 4 4 for supply into the respec- 
tive cylinders Nos. 1 to 4. When this occurs, the intake 
air collecting chamber 5 functions as a portion open to 
the atmosphere, which becomes a chamber where in- 
take pressure wave pulses are reversed, whereby the 
intake pressure wave pulse having a low natural fre- 
quency inside the long air intake passages 4-, to 4 4 and 
a long opening and closing cycle of the intake valves 
based on the low engine speed of the internal combus- 
tion engine are tuned to each other to thereby obtain a 
high inertial supercharging effect, whereby a high intake 
air charging efficiency can be obtained for each of the 
cylinders, thus making it possible to improve the output 
torque of the internal combustion engine (refer to (J)in 
Figs. 7 and 8). 

[0041] In this case, since the surface a, which is the 
one of the three imaginary surfaces a, b, c, faces the 
intake air collecting chamber 5, the volume of the com- 
municating chamber 1 0 provided on the surface a adds 
to the volume of the intake air collecting chamber 5, 
whereby the volume of the intake air collecting chamber 
5 is increased, and hence the intake air pressure pulse 
reversing function of the same chamber increases fur- 
ther, this promoting further the effect described above. 
[0042] Next, in the event that the internal combustion 
engine is in its intermediate engine speed range in which 
the rotational speed of the internal combustion engine 
is greater than N 1 but is lower than a predetermined ro- 
tational speed N 2 (N 1 <N 2 ) I (N 1 <N<N 2 ) I as shown in Figs. 
3 and 4, the control means controls and switches over 
the rotary valve 3 such that another imaginary surface 
b of the three imaginary surfaces a, b, c of the rotary 
valve 3 faces the first to fourth openings 7 1 to 7 4 in the 
first to fourth air intake passages 4., to 4 4 , whereby a 



communication is established between the pair of first 
and fourth air intake passages 4-, , 4 4 connecting to and 
communicating with the respective cylinders of the pair 
of cylinders Nos. 1 and 4 which does not have succes- 

5 sive intake strokes at one ends thereof and between the 
pair of second and third air intake passages 4 2 , 4 3 con- 
necting to and communicating with the respective cylin- 
ders of the pair of cylinders Nos. 2 and 3 which does not 
have successive intake strokes at one ends thereof via 

10 the communicating chambers 12, and the communicat- 
ing chamber 13, respectively. 

[0043] Then, the respective pairs of air intake pas- 
sage portions 4 1u , 4 2u and 4 2u , 4 3u upstream of the re- 
spective communicating portions (the communicating 
is chamber 1 2, the communicating chamber 13) between 
the pair of the first and fourth air intake passages 4 1 , 4 4 
and the pair of the second and third air intake passages 
4 2 , 4 3 constitute a resonating system for each pair of 
cylinders, and the intake pressure waves can be prop- 

20 agated through the respective air intake passages A 1 to 
4 4 and the respective communicating portions (the com- 
municating chamber 12, the communicating chamber 
13) without reversing therein for use for the following 
intake stroke in the other cylinder of the same pair, 

25 whereby a high resonating supercharging effect can be 
obtained, and a high intake air charging efficiency can 
be obtained for the respective cylinders of the pairs of 
cylinders Nos. 1 , 4 and 2, 3 which do not have succes- 
sive intake strokes, thereby making it possible to im- 

30 prove the output torque of the internal combustion en- 
gine. Thus, it is possible to compensate for drops in in- 
take air charging efficiency and output torque which 
would result in an intermediate portion between the low 
engine speed range and the high engine speed range 

35 (refer to ©in Figs. 7 and 8). 

[0044] In this case, another surface c of the three im- 
aginary surfaces a, b, c of the rotary valve 3 faces the 
intake air collecting chamber 5, and the partition wall 1 5 
provided thereon blocks off a communication between 

40 the respective air intake chambers 4 1 to 4 4 and the in- 
take air collecting chamber 5. Thus, since the partition 
wall 1 5 is used as both a constituent member of the par- 
tition wall blocking off a communication between the ad- 
jacent air intake passages 4 1 and 4 2 , 4 2 and 4 3 , 4 3 and 

4 5 4 4 , respectively, and a partition wall blocking off a com- 
munication between the respective air intake passages 
4 1 to 4 4 and the intake air collecting chamber 5, the in- 
ternal construction of the rotary valve 3 can be simpli- 
fied. 

so [0045] Furthermore, in the event that the internal com- 
bustion engine is in its high engine speed range (N 2 <N) 
in which the rotational speed of the engine is higherthan 
N 2 , as shown in Figs. 5 and 6, the control means controls 
and switches over the rotary valve 3 such that the sur- 

55 face a, which is the one of the three imaginary surfaces 
a, b, c of the rotary valve 3, faces the first to fourth open- 
ings 7 1 to 7 4 in the first to fourth air intake passages 4 1 
to 4 4 , whereby communications are established be- 
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tween all the adjacent air intake passages 4 1 and 4 4 , 4 4 
and 4 2 , and 4 2 and 4 3 , and the respective air intake pas- 
sages 4 1 to 4 4 and the intake air collecting chamber 5 
are caused to communicate with each other in a shortcut 
fashion via the first communicating chamber 1 0 and the 
two communicating ports 11 1} 11 2 . 
[0046] Then, intake air inside the intake air collecting 
chamber 5 flows into the first to fourth air intake passag- 
es 41 to 44 via the two communicating ports 11 1f 11 2 , 
the first communicating chamber 10 and the first to 
fourth openings 7 1 to 7 4 , then flows through the short air 
intake passage portions 4 1d to 4^ downstream of the 
first communicating chamber 1 0 and is supplied into the 
respective cylinders Nos. 1 to 4. When this occurs, since 
the first communicating chamber 1 0 which is formed so 
as to have a large volume is made to open to the intake 
air collecting chamber 5, the chamber functions as a 
portion which is open to the atmosphere and becomes 
the reverse chamber for intake air pressure wave puls- 
es, whereby the intake pressure wave pulse having a 
high natural frequency inside the short air intake pas- 
sage portions 4 1d to 4^ extending from the combustion 
chambers to the communicating chamber 10 and the 
short opening and closing cycle of the intake valves 
based on the high rotational speed of the engine are 
tuned to each other to thereby obtain a high inertial su- 
percharging effect, and a high intake air charging effi- 
ciency is obtained for all the cylinders, thereby making 
it possible to improve the output torque of the engine 
(refer to ®in Figs. 7 and 8). 

[0047] Thus, the flat and high intake air charging effi- 
ciency and high output torque can be obtained over a 
wide range of engine speeds from the low engine speed 
range to the high engine speed range. In general, when 
comparing the inertial supercharging effect with the res- 
onating supercharging effect, the inertial one can exhibit 
a larger effect, and therefore, the resonating super- 
charging effect is regarded as one for assisting the in- 
ertial supercharging effect. According to the embodi- 
ment of the invention, however, as has been described 
heretofore, the drop in intake air charging efficiency at 
the intermediate portion between the high intake air 
charging efficiency based on the inertial supercharging 
effect obtained in the low engine speed range and the 
high intake air charging efficiency based on the inertial 
supercharging effect obtained in the high engine speed 
range is compensated for sufficiently by the improve- 
ment in intake air charging efficiency based on the iner- 
tial supercharging effect obtained in the intermediate 
engine speed range. 

[0048] Since the first embodiment of the invention is 
constructed as has been described heretofore, the fol- 
lowing advantages can further be provided. 
[0049] Since the four air intake passages 4 1 to 4 4 
which are independent from each other and which con- 
nect to and communicate with the respective cylinders 
of the in-line four-cylinder internal combustion engine, 
respectively, at one ends thereof and the single intake 



air collecting chamber at the other ends thereof are ar- 
ranged sideways in line with each other, the respective 
air intake passages 4 1 to 4 4 in no case intersect with 
one another, and the intake apparatus (the intake man- 
5 ifold) 1 can be formed compact in the direction in which 
the cylinders are arranged, this providing a good space 
efficiency. In addition, the equalization of the lengths of 
the respective air intake passages can be eased. 
[0050] In addition, at the high engine speed range, 

10 since the respective air intake passages 4 1 to 4 4 and 
the intake air collecting chamber 5 are caused to com- 
municate with each other in a shortcut fashion via the 
rotary valve 3, even if the respective air intake passage 
portions (long air intake passage portions) 4 1u to 4^ up- 

15 stream of the communicating chamber 1 0 between the 
adjacent air intake passages 4 1 and 4 2> 4 2 and 4 3 , 4 3 
and 4 4 are made thinner, and the low engine speed 
range is shifted down towards a lower engine speed 
side, an intake airflow rate which is required at the high 

20 engine speed range can be acquired sufficiently, where- 
by the intake apparatus 1 can be formed more compact. 
[0051] Moreover, since the high intake air charging ef- 
ficiency and the high output torque can be obtained over 
the wide engine speed range which ranges from the low 

25 engine speed area to the high engine speed area by 
controlling to switch over the rotary valve 3 provided be- 
tween the intermediate portion along the length of the 
four air intake passages 4 1 to 4 4 which are independent 
from each other and the intake air collecting chamber 5 

30 in such a manner as to switch it over in triple stages at 
regular intervals in response to the rotational speed of 
the internal combustion engine, the number of compo- 
nents such as valves and actuators can be reduced, 
whereby the production costs can be reduced, the con- 

35 struction and weight of the apparatus can be simplified 
and reduced, respectively. This eases the provision of 
the variable intake apparatus 1 for an in-line four-cylin- 
der internal combustion engine which requires less 
space for installation thereof. In addition, since with the 

40 rotary valve 3, the valve body and the shaft portion 
thereof do not protrude into the air intake passages 4 1 
to 4 4 , there is no risk of the intake resistance being in- 
creased. 

[0052] Additionally, since the first to fourth air intake 
45 passages 4 1 to 4 4 are curved and formed round, and 
since the intake air collecting chamber 5 and the air in- 
take duct 6 are provided in the internal space in the cur- 
vature of the air intake passages 4 1 to 4 4 formed round 
in such a manner as to be embraced thereby, the intake 
50 apparatus 1 can be formed compact also from this as- 
pect. 

[0053] Furthermore, since the rotary valve is operated 
to be switched over by an electric or negative pressure 
actuator, it becomes easy to construct the control means 
55 for controlling the rotary valve so as to be switched over 
in triple stages at equal intervals in response to the ro- 
tational speed of the internal combustion engine. 
[0054] Furthermore, the rotary valve 3 has three im- 



9 



BNSDOCID: <EP 



.1122410A2J > 



17 



EP 1 122 410 A2 



18 



aginary surfaces a, b, c which are partitioned circumfer- 
entially at equal intervals as viewed from the side in an 
axial direction of the valve, and the three imaginary sur- 
faces a, b, c are adapted to be circumferentially 
switched over in triple stages in response to the rota- 
tional speed of the internal combustion engine, whereby 
a communication is established or cut off between the 
air intake passages 4 A and 4^ 4 2 and 4 3 , 4 3 and 4 4 which 
are adjacent to each other or between each of the pair 
of first and fourth air intake passages 4 1 , 4 4 and the pair 
of second and third air intake passages 4 2 , 4 3 which 
connect to and communicate with the respective cylin- 
ders of the pairs of cylinders which do not have succes- 
sive intake strokes at the one ends thereof, while a com- 
munication is established in a shortcut fashion or cut off 
between the respective air intake passages 4 1 to 4 4 and 
the intake air collecting chamber 5. 
[0055] As a result, the construction for switching the 
rotary valve over in triple stages can be simplified, and 
the constructions for implementing variable intake oper- 
ations may only have to be provided on the respective 
sides of the three imaginary surfaces a, b, c. Therefore, 
the internal construction of the rotary valve can be 
formed relatively simply, whereby there is no need to 
provide an exclusive passage for establishing a com- 
munication in a shortcut fashion between the respective 
air passages 4 1 to 4 4 and the intake air collecting cham- 
bers atthe high engine speed range, this helping further 
make the intake apparatus 1 compact. 
[0056] Note that the constructions of the first commu- 
nicating chamber 1 0, the second communicating cham- 
ber (the communicating chambers 12,13) and the par- 
tition walls 14,15 are not limited to those described with 
respect to the first embodiment of the invention but may 
be modified in various ways. 

<Second Embodiment 

[0057] Next, a description will be given of a second 
embodiment of the variable intake apparatus with refer- 
ence to Figs. B to 15. 

[0058] In Figs. 9 and 10, a variable intake apparatus 
101 for an in-line four-cylinder internal combustion en- 
gine according to the invention comprises an intake 
manifold 102 having juxtaposed first to fourth four air 
intake passages 1041 to 1044 which are independent 
from one another and which connect, respectively, to 
cylinders Nos. 1 to 4 (not shown) of the internal com- 
bustion engine at one ends thereof and to a single intake 
air collecting chamber 1 05 at the other ends thereof. 
[0059] The cylinders Nos. 1 to 4 are fired in the order 
of cylinder No. 1 , cylinder No. 3, cylinder No. 4 and cyl- 
inder No. 2. Therefore, intake strokes in the respective 
cylinders take place in that order, and the cylinders Nos. 
1 and 4 constitute a pair of cylinders which does not 
have successive intake strokes, whereas the cylinders 
Nos. 2 and 3 constitute a pair of cylinders which does 
not have successive intake strokes. 



[0060] The air intake passages 104 1 to 104 4 are ar- 
ranged sideways in line with each other in the direction 
in which the cylinders are arranged such that the air in- 
take passages 104.,, 104 4 communicating with the cyl- 
5 inders Nos. 1 and 4 which do not have successive intake 
periods are located adjacent to each other as a pair, 
whereas the air intake passages 104 2 , 104 3 communi- 
cating with the cylinders Nos. 2 and 3 which do not have 
successive intake strokes are located adjacent to each 

10 other as a pair except for an intersecting portion of the 
air intake passages which is in the vicinity of where the 
air intake passages connect to and communicate with 
the respective cylinders Nos. 1 to 4 of the engine at one 
ends thereof (in Fig. 9, a portion where an upper curved 

15 portion of the fourth air intake passage 1 04 4 intersects 
with upper curved portions of the second and third air 
intake passages 104 2 , 104 3 ). Therefore, the first and 
fourth air intake passages 104.,, 104 4 are adjacent to 
each other at a left half portion of the air intake passage 

^0 portion as viewed in the direction in which the cylinders 
are arranged, whereas the second and third air intake 
passages 1 04 2 , 1 04 3 are adjacent to each other at a 
right-half portion of the air intake passage portion as 
viewed in the cylinder arrangement direction. 

25 [0061] According to the construction, the pairs of ad- 
jacent air intake passages connecting to and communi- 
cating with the pair of cylinders wh ich does not have suc- 
cessive intake strokes are the pair of the adjacent first 
and fourth air intake passages 1 04 1 , 1 04 4 connecting to 

30 and communicating with the respective cylinders of the 
pair of cylinders Nos. 1 , 4 at one ends thereof and the 
pair of the adjacent second and third air intake passages 
1042, 104 3 connecting to and communicating with the 
respective cylinders of the pair of cylinders Nos. 2, 3 at 

35 one ends thereof. 

[0062] As shown in Fig. 10, the first to fourth air intake 
passages 104 1 to 104 4 are made substantially equal in 
length and are curved so as to wind inwardly, and an 
intake air collecting chamber 105 is provided so as to 

40 connect to and communicate with distal ends of the air 
intake passages so wound. This intake air collecting 
chamber 1 05 together with an air intake duct 1 06 is pro- 
vided so as to be embraced within an interior space re- 
sulting by virtue of the curvature of the curved first to 

45 fourth air intake passages 1 04 1 to 1 04 4 with an intention 
to make the variable intake apparatus 1 01 . 
[0063] Intake air led to the air intake duct 1 06 via an 
air cleaner and a throttle body which are both not shown 
then flows into the intake air collecting chamber 105 

50 having a relatively large volume, where it is collected. 
When the internal combustion engine is in its low to in- 
termediate engine speed range, the intake air then flow- 
ing out of the intake air collecting chamber 1 05 is divided 
so as to flow through the first to fourth air intake passag- 

55 es 104-, to 1 04 4 which are relatively long passages into 
the cylinders Nos. 1 to 4 for intake thereinto. Although 
a communicating path between the intake duct 1 06 and 
the intake air collecting chamber 105 is not shown, the 
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communicating path is provided at a central portion 
along the length of the intake air collecting chamber 1 05, 
whereby the length of the air intake passages including 
the first to fourth air intake passages 1 04 1 to 1 04 4 which 
leads from the intake air collecting chamber 1 05 to the 
respective cylinders Nos. .1 to 4 is made to be equal. 
[0064] First to fourth openings 107 1 to 107 4 each hav- 
ing a substantially rectangular shape when viewed from 
the front are formed, respectively, in bottom walls of the 
first to fourth air intake passages 104 1 to 104 4 at inter- 
mediate positions along the lengths thereof, and a sin- 
gle-unit rotary valve 1 03 is provided such that part there- 
of protrudes, respectively, into the first to fourth air intake 
passages through the first to fourth openings 107! to 
107 4 . The portion of the rotary valve which protrudes 
into the first to fourth air intake passages 1 04., to 104 4 
corresponds to a crescent-like portion, as viewed from 
an axis of the rotary valve 1 03, which would result when 
an arc extending over substantially one third the circum- 
ference of the rotary valve is cut away (refer to Fig. 1 0). 
[0065] The rotary valve 1 03 is disposed such that the 
remaining portion of the valve is embraced by a main 
body wall portion 1 08, which remaining portion excludes 
the aforesaid arc portion extending over one third the 
circumferential length of the same valve as viewed from 
the side and protruding respectively into the first to 
fourth air intake passages 104., to 104 4 . The main body 
wall portion 1 08 is formed into an arc extending substan- 
tially overtwo third the circumference of the rotary valve 
1 03 as viewed from the side and functions to close first 
and second communicating chambers 110, 112 which 
will be described later in response to the rotational po- 
sition of the rotary valve 103. Substantially half the main 
body wall portion 108 also constitutes a part of the wall 
of the intake air collecting chamber 1 05. 
[0066] Next, the construction, operation and effective- 
ness of the rotary valve 103 will be described. 
[0067] As shown in Fig. 10, the rotary valve 103 has 
three imaginary surfaces a, b, c which are partitioned at 
equal intervals in the circumferential direction as viewed 
from the side in an axial direction of the valve, and as 
will be described in detail below, it is constructed such 
that a communication is established or blocked off be- 
tween the adjacent air intake passages 104., and 104 4 , 
1 04 4 and 1 04 2 , and 1 04 2 and 1 04 3 or between the pair 
of adjacent first and fourth air intake passages 104 1} 
104 4 which connect to and communicate with the re- 
spective cylinders of the pair of cylinders which does not 
have successive intake strokes and also between the 
pair of adjacent second and third air intake passages 
1 04 2 , 1 04 3 which connect to and communicate with the 
respective cylinders of the pair of cylinders which does 
not have successive intake strokes by switching over 
the three imaginary surfaces a, b, c in triple stages in 
the circumferential direction in response to the rotational 
speed of the internal combustion engine. 
[0068] Provided in the imaginary surface a side, which 
is one of the three imaginary surfaces a, b, cof the rotary 



valve 1 03 is a first communicating chamber 1 1 0 having 
a large volume which can establish a communication 
between the adjacent air intake passages 104., and 
104 4 , 104 4 and 104 2> and 104 2 and 104 3 , as shown in 
s Figs. 13 and 14. 

[0069] This first communicating chamber 1 1 0 is parti- 
tioned by a partition wall (a third partition wall) 114 
adapted to function as a partition between the imaginary 
surface a side and the imaginary surface b side along 
10 the full length of the rotary valve 1 03 and a partition wall 
(a first partition wall ) 115 adapted to function as partition 
between the imaginary surface a side and the imaginary 
surface b side and between the imaginary surface b side 
and the imaginary surface c side along the full length of 
*s the rotary valve 103, is formed so as to be depressed 
towards the interior of the rotary valve 1 03, has a cross- 
sectional area which is greater than respective cross- 
sectional areas of the first to fourth air intake passages 
104., to 104 4 and the cross-sectional area of a second 
20 communicating chamber 112 which will be described 
later, and is adapted to establish a communication 
through all the air intake passages while drastically var- 
ying the respective cross-sectional shapes of the first to 
fourth air intake passages 104., to 104 4 . 
25 [0070] As shown in Figs. 11 and 12, provided in the 
imaginary surface b side, which is another of the three 
imaginary surfaces a, b, c of the rotary valve 103, are 
communicating chambers 112.,, 112 2 which can estab- 
lish communications, respectively, between the pair of 
30 adjacent first and fourth air intake passages 1 04-, , 1 04 4 
connecting to and communicating with the respective 
cylinders ofthepairof cylinders Nos. 1 and4which does 
not have successive intake strokes at one ends thereof 
and the pair of adjacent second and third air intake pas- 
35 sages 1 04 2 , 1 04 3 connecting to connecting to and com- 
municating with the respective cylinders of the pair of 
cylinders Nos. 2 and 3 which does not have successive 
intake strokes at one ends thereof. These two commu- 
nicating chambers 112.,, 11 2 2 are to be referred to col- 
40 lectively as a second communicating chamber 11 2. 
[0071] The communicating chamber 112-,, which is 
one of the second communicating chamber 112, and the 
communicating chamber 11 2 2 , which is the other there- 
of, are formed by being surrounded by the partition wall 
(the third partition wall) 114, the partition wall (the first 
partition wail) 115 and a partition wall (a fourth partition 
wall) 116 adapted to function as a partition between the 
centrally located two fourth and second air intake pas- 
sages. The partition wall (the third partition wall) 1 14 is 
»o formed into a shape which is depressed into the interior 
of the rotary valve 1 03 so that the cross-sectional areas 
of the communicating chambers 112 1f .112 2 become 
substantially equal to the cross-sectional areas of the 
respective air intake passages 104., to 104 4 . 
*5 [0072] The first communicating chamber 1 1 0 and the 
second communicating chamber 112 (112 1t 112 2 ) are 
closed at the same time by the main body wall portion 
108 of the intake manifold 102 when the rotary valve 
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103 is located at the rotational position shown in Figs. 
9 and 10. 

[0073] As shown in Figs. 9 and 1 0, provided in the im- 
aginary surface c, which is the other of the three imag- 
inary surfaces a, b, c of the rotary valve 1 03, are partition 
walls (second partition walls 1 to 3 ) adapted to block off 
a communication between the adjacent air intake pas- 
sages 104., and 104 4 , 104 4 and 104 2 , and 1042 and 
104 3 . These partition walls consist of crescent-shaped 
partition walls (second partition walls 1 to 3) 117 to 119 
adapted to function as partitions between the air intake 
passages and the aforesaid partition wall (the first par- 
tition wall) 115. Then, when the rotary valve 103 is lo- 
cated a rotational position as shown in Fig. 10, the par- 
tition walls block off a communication between the ad- 
jacent air intake passages 104! and 104 4 , 104 4 and 
1 04 2 , and 1 04 2 and 1 04 3 , respectively, so as to provide 
four independent passages constituting the long air in- 
take passages 104., to 104 4 which are perfectly inde- 
pendent from one another. 

[0074] The partition wall 115 is curved so as to pro- 
trude into the respective air intake passages 104 1 to 
104 4 in such a manner as not to change the sectional 
configuration of the respective air intake passages 1 04., 
to 1 04 4 along the longitudinal direction of the passages 
and is also curved so as to be depressed slightly to- 
wards the interior of the rotary valve so that the cross- 
sectional configurations of the respective air intake pas- 
sages 1 04., to 1 04 4 along a direction normal to the lon- 
gitudinal direction thereof are not changed. 
[0075] The first to fourth partition walls 1 1 4 to 1 1 9 and 
the first and second communicating chambers 110, 112 
(112-1, 112 2 ) wiil be described in greater detail. 
[0076] The first partition wall 115 extends between 
two vortexes of an equilateral triangle obtained by divid- 
ing at equal intervals the outer circumference of the ro- 
tary valve 1 03 into three and has a length corresponding 
to the length over which the four air intake passages 
104., to 104 4 which are in dependent from each other are 
arranged sideways in line with each other. The three 
second partition walls 117 to 119 are provided on the 
first partition wall 115 contiguously therewith so as to be 
each formed into a crescent shape and cut off a com- 
munication between the adjacent air intake passages 
1 04., and 1 04 4 , 1 04 4 and 1 04 2> and 1 04 2 and 1 04 3 . The 
third partition wall 114 extends between the remaining 
vortex of the equilateral triangle and a point in the vicinity 
of one of side edges (an upper side edge as viewed in 
Fig. 10) of the first partition wall 115 and has a length 
corresponding to the length over which the four air in- 
take passages 1 04., to 1 04 4 which are independent from 
each other are arranged sideways in line with each oth- 
er. The fourth partition wall 1 1 6 is provided contiguously 
with the third partition wall 1 1 4 and the first partition wall 
115 on one of the side edges of the first partition wall 
115 and blocks off a communication between the cen- 
trally provided two adjacent air intake passages 104 4 , 
104 2 . The first communicating chamber 110 and the 



second communicating chamber 112 (112.,, 112 2 ) are 
disposed back to back across the third partition wall 114. 
Thus, the rotary valve 1 03 has in total three partitioned 
communicating chambers 110, 112.,, 11 2 2 in the interior 
s thereof. 

[0077] The rotary valve 103 comprises the control 
means as well as the first embodimentfor switching over 
the rotary valve in triple stages in response to the rota- 
tional speed of the internal combustion engine such that 
10 any of the three imaginary surfaces a, b, c faces the first 
to fourth openings 1 071 to 107 4 in the first to fourth air 
intake passages 1 04., to 1 04 4 . 

[0078] The control means controls and switches over 
the rotary valve 103 as will be described below in re- 
*5 sponse to the rotational speed of the internal combus- 
tion engine. 

[0079] First, in the event that the internal combustion 
engine is in its low engine speed range in which the ro- 
tational speed of the engine is lower than a predeter- 

20 mined rotational speed N 1( the control means controls 
and switches over the rotary valve 1 03 such that the oth- 
er imaginary surface c of the three imaginary surfaces 
a, b, c of the rotary valve 103 faces the first to fourth 
openings 1 07., to 1 07 4 in the first to fourth air intake pas- 

25 sages 1 04-, to 1 04 4 , whereby communications between 
all the adjacent air intake passages 1 04., and 1 04 4 , 1 04 4 
and 1 04 2 , and 1 04 2 and 1 04 3 are blocked off by the par- 
tition wall 1 1 5 and the partition walls 1 1 7 to 1 1 9 to there- 
by form the first to fourth air intake passages which are 

30 Jong and perfectly independent from one another. 

[0080] Then, intake air inside the intake air collecting 
chamber 105 flows into and through the first to fourth 
long air intake passages 1 04., to 1 04 4 for supply into the 
respective cylinders Nos. 1 to 4. When this occurs, the 

35 intake air collecting chamber 1 05 functions as a portion 
open to the atmosphere, which becomes a chamber 
where intake pressure wave pulses are reversed, 
whereby the intake pressure wave pulse having a low 
natural frequency inside the long air intake passages 

40 104., to 104 4 and a long opening and closing cycle of 
the intake valves based on the low engine speed of the 
internal combustion engine are tuned to each other to 
thereby obtain a high inertial supercharging effect, 
whereby a high intake air charging efficiency can be ob- 

45 tained for each of the cylinders, thus making it possible 
to improve the output torque of the internal combustion 
engine (refer to©in Fig. 8 and 15). 
[0081 ] Next, in the event that the internal combustion 
engine is in its intermediate engine speed range in which 

50 the rotational speed of the internal combustion engine 
is greater than N 1 but is lower than a predetermined ro- 
tational speed N 2 (N 1 <N 2 ),(N 1 <N<N 2 ), as shown in Figs. 
11 and 1 2, the control means controls and switches over 
the rotary valve 1 03 such that another imaginary surface 

55 b of the three imaginary surfaces a, b, c of the rotary 
valve 1 03 faces the first to fourth openings 1 07-, to 1 07 4 
in the first to fourth air intake passages 104! to 104 4 , 
whereby a communication is established between the 
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pair of first and fourth air intake passages 104.,, 104 4 
connecting to and communicating with the respective 
cylinders of the pair of cylinders Nos. 1 and 4 which does 
not have successive intake strokes at one ends thereof 
and between the pair of second and third air intake pas- 5 
sages 1 04 2 , 1 04 3 connecting to and communicating with 
the respective cylinders of the pair of cylinders Nos. 2 
and 3 which does not have successive intake strokes at 
one ends thereof via the communicating chambers 
112.,, 112 2 , respectively. w 
[0082] Then, respective pairs of air intake passage 
portions 1 04 1u , 1 04 2u and 1 04 2u , 1 043 U upstream of the 
respective communicating portions between the pair of 
the first and fourth air intake passages 1 04.,, 104 4 and 
the pair of the second and third air intake passages 1$ 
1 04 2 , 1 04 3 constitute a resonating system for each pair 
of cylinders, and the intake pressure waves can be prop- 
agated through the respective air intake passages 1 04 1 
to 1 04 4 and the respective communicating portions (the 
communicating chambers 112-,, 112 2 constituting the 20 
second communicating chamber 112) without reversing 
therein for use forthe following intake stroke in the other 
cylinder of the same pair, whereby a high resonating su- 
percharging effect can be obtained, and a high intake 
aircharging efficiency can be obtained forthe respective 25 
cylinders of the pairs of cylinders Nos. 1 , 4 and 2, 3 
which do not have successive intake strokes, thereby 
making it possible to improve the output torque of the 
internal combustion engine. Thus, it is possible to com- 
pensate for drops in intake air charging efficiency and 30 
output torque which would result in an intermediate por- 
tion between the low engine speed range and the high 
engine speed range (refer to ©in Fig. 8 and 15). 
[0083] Furthermore, in the eventthatthe internal com- 
bustion engine is in its high engine speed range (N 2 <N) 35 
in which the rotational speed of the engine is higher than 
N 2 , as shown in Figs. 1 3 and 14, the control means con- 
trols and switches over the rotary valve 103 such that 
one imaginary surface a of the three imaginary surfaces 
a, b, c of the rotary valve 103 faces the first to fourth 40 
openings 1 07 1 to 1 07 4 in the first to fourth air intake pas- 
sages 104 1 to 104 4 , whereby communications are es- 
tablished between all the adjacent air intake passages 
104 1 and 104 4 , 104 4 and 104 2 , and 104 2 and 104 3 , 
which are then put in a state in which all the air intake 45 
passages communicate with one another. 
[0084] Since the first communicating chamber 110 
which is formed so as to have a large volume drastically 
change the respective cross-sectional configurations of 
the first to fourth air intake passages, the chamber tunc- 50 
tions as a portion open to the atmosphere, and the por- 
tionthen becomes a chamber where the intake pressure 
wave pulses are reversed, whereby the intake pressure 
wave pulse having a high natural frequency inside short 
air intake passage portions 104 1d to 104 4d extending 55 
from the combustion chambers to the communicating 
chamber 10 and a short opening and closing cycle of 
the intake valves based on the high rotational speed of 



the engine are tuned to each other to thereby obtain a 
high inertial supercharging effect, and a high intake air 
charging efficiency is obtained for all the cylinders, 
thereby making it possible to improve the output torque 
of the engine (refer to® in Figs. 8 and 15). 
[0085] Thus, the flat and high intake air charging effi- 
ciency and high output torque can be obtained over a 
wide range of engine speeds from the low engine speed 
range to the high engine speed range. In general, when 
comparing the inertial supercharging effect with the res- 
onating supercharging effect, the inertial one can exhibit 
a larger effect, and therefore, the resonating super- 
charging effect is regarded as one for assisting the in- 
ertial supercharging effect. According to the embodi- 
ment of the invention, however, as has been described 
heretofore, the drop in intake air charging efficiency at 
the intermediate portion between the high intake air 
charging efficiency based on the inertial supercharging 
effect obtained in the low engine speed range and the 
high intake air charging efficiency based on the inertial 
supercharging effect obtained in the high engine speed 
range is compensated for sufficiently by the improve- 
ment in intake air charging efficiency based on the iner- 
tial supercharging effect obtained in the intermediate 
engine speed range. Note that intake air invariably is 
supplied from the intake air collecting chamber 105 to 
the respective cylinders Nos. 1 to 4. 
[0086] Since the second embodiment of the invention 
is constructed as has been described heretofore, the fol- 
lowing advantages can further be provided. 
[0087] The four air intake passages 104 1 to 104 4 
which are independent from each other and which con- 
nect to and communicate with the respective cylinders 
of the in-line four-cylinder internal combustion engine, 
respectively, at one ends thereof and the single intake 
air collecting chamber at the other ends thereof are ar- 
ranged sideways in line with each other in the direction 
in which the cylinders of the internal combustion engine 
are arranged such that of the air intake passages those 
connecting to and communicating with the cylinders 
which do not have successive intake strokes are located 
adjacent to each other except for the intersecting portion 
of the air intake passages which is in the vicinity of where 
the air intake passages connect to and communicate 
with the respective cylinders of the engine at the one 
ends thereof. Then, the rotary valve 103 is provided in 
such a manner that substantially one third of the outer 
circumference thereof projects into an intermediate por- 
tion along the length of the air intake passages 1 04 1 to 
1 04 4 in the arc-like fashion. 

[0088] As a result, there is no risk that the air intake 
passages 104 1 to 104 4 intersect with one another ex- 
cept forthe intersecting portion of the air intake passag- 
es which is in the vicinity of where the air intake passag- 
es connect to and communicate with the respective cyl- 
inders of the engine at the one end, and there is no risk, 
either, that the rotary valve 1 03 for performing the vari- 
able intake operation protrudes in the length-wise direc- 
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tion of the vehicle or a direction normal to an axis of the 
valve. Thus, the variable intake apparatus 1 01 including 
the intake manifold 102 can be formed compact as 
viewed from the direction in which the cylinders are ar- 
ranged, this resulting in a good space efficiency. In ad- 
dition, this makes it easy to render the respective air in- 
take passages 104., to 104 4 equal in length. 
[0089] In addition, since the high intake air charging 
efficiency and high output torque over the low engine 
speed range to the high engine speed range can be ob- 
tained by constructing the rotary valve 103 provided in 
such a manner that substantially one third of the outer 
circumference thereof projects into the intermediate 
portion along the length of the air intake passages 1 04., 
to 1 04 4 in the arc-like fashion as the triple-staged rotary 
valve that can be switched over at equal intervals in re- 
sponse to the rotational speed of the internal combus- 
tio n engine, the number of components for the valve and 
actuators is reduced, thereby making it possible to re- 
duce the production cost of the apparatus, simplify the 
construction of the same and reduce the weight thereof, 
whereby the variable intake apparatus 101 for an in-line 
four-cylinder internal combustion engine can easily be 
obtained which requires less space for installation there- 
of. Additionally, since the valve body and the shaft por- 
tion of the rotary valve 103 do not protrude into the air 
intake passages 104 1 to 104 4 , there is caused no risk 
that the intake resistance is increased. 
[0090] Additionally, since the rotary valve 103 is 
switched over for operation by means of electric or neg- 
ative pressure actuators, the construction of the control 
means can be made simple for controlling and switching 
over the rotary valve 103 in triple stages in response to 
the rotational speed of the internal combustion engine. 
[0091] In addition, the rotary valve 103 has the three 
imaginary surfaces a, b, c which are partitioned circum- 
ferential ly at equal intervals as viewed from the side in 
the axial direction of the valve, and the three imaginary 
surfaces of the rotary valve 103 are adapted to be cir- 
cumferentially switched over in triple stages in response 
to the rotational speed of the internal combustion engine 
in such a manner that in the low engine speed range of 
the internal combustion engine, a communication is cut 
off through all the adjacent air intake passages 1 04 1 and 
104 4 , 104 4 and 104 2 , and 104 2 and 104 3 , in the inter- 
mediate engine speed range of the engine, a communi- 
cation is established between each of the pairs of adja- 
cent first and fourth air intake passages 1 04 1 , 1 04 4 and 
second and third air intake passages 104^, 1043 which 
both connect at one ends thereof to the respective cyl- 
inders of the pairs of cylinders which do not have suc- 
cessive intake strokes, and at the high engine speed 
range thereof, a communication is established through 
all the air intake passages 104 1 and 104 4 , 104 4 and 
1 04 2 , 1 04 2 and 1 04 3 which are adjacent to each other. 
[0092] As a result, since the constructions are impart- 
ed on the respective surfaces of the three imaginary sur- 
faces a, b, c which render variable intake operations, 



respectively, in response to the low, intermediate and 
high engine speed ranges of the internal combustion en- 
gine, the internal construction of the rotary valve 103 
can be made relatively simple. In particular, in the inter- 

5 mediate engine speed range of the internal combustion 
engine, when a communication is established between 
each of the pairs of first and fourth air intake passages 
104-j, 104 4 and second and third air intake passages 
which communicate, respectively, with the respective 

10 cylinders of pairs of cylinders which do not have succes- 
sive intake strokes at one ends thereof, since the air in- 
take passages of each pair are placed adjacent to each 
other, the partition wall between the air intake passages 
may only have to be deleted, and therefore, the com- 

15 municating paths (the second communicating chamber 
112(112^11 2 2 )) therebetween can be constructed very 
easily. 

[0093] Additionally, since the first to fourth air intake 
passages 1 04-, to 1 04 4 are curved so as to wind inward- 
20 |y ( the intake air collecting chamber 1 05 and the intake 
duct 1 06 are disposed in the interior space in the curva- 
ture of the air intake passages so curved, and the rotary 
valve 1 03 is disposed such that part of the outer circum- 
ference of the rotary valve 1 03 is embraced by the wall 
25 of the intake air collecting chamber, the variable intake 
apparatus 101 is arranged in a circular configuration as 
viewed from the side, whereby the variable intake ap- 
paratus can be made compact further, thereby making 
it possible to improve the space utilization efficiency. 
30 [0094] Note that the constructions of the first commu- 
nicating chamber 110, the second communicating 
chamber 112 (112^ 112 2 ), and the partition walls 114, 
1 1 5 are not limited to those described in the second em- 
bodiment of the invention, but may be modified in vari- 
es ous ways. 

<Third Embodiment 

[0095] With reference to Figs. 8, 16 to 21 and 25, a 
40 description will be given of a variable intake apparatus 
201 according to a third embodiment of the invention. 
[0096] In Figs. 16 and 17, a variable intake apparatus 
201 for an in-line four-cylinder internal combustion en- 
gine according to the third embodiment of the invention 
45 comprises an intake manifold 202 having juxtaposed 
first to fourth four air intake passages 204 1 to 204 4 which 
are independent from one another and which connect, 
respectively, to cylinders Nos. 1 to 4 (not shown) of the 
internal combustion engine at one ends thereof and to 
50 a single intake air collecting chamber 205 at the other 
ends thereof. 

[0097] The cylinders Nos. 1 to 4 are fired in the order 
of cylinder No. 1 , cylinder No. 3, cylinder No. 4 and cyl- 
inder No. 2. Therefore, intake strokes in the respective 
55 cylinders take place in that order, and the cylinders Nos.. 
1 and 4 constitute a pair of cylinders which does not 
have successive intake strokes, whereas the cylinders 
Nos. 2 and 3 constitute a pair of cylinders which does 
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not have successive intake strokes. 
[0098] The air intake passages 204 1 to 204 4 are ar- 
ranged sideways in line with each other in the direction 
in which the cylinders are arranged such that the air in- 
take passages 204.,, 204 4 communicating with the cyl- 5 
inders Nos. 1 and 4 which do not have successive intake 
periods are located adjacent to each other as a pair, 
whereas the air intake passages 204 2 , 204 3 communi- 
cating with the cylinders Nos. 2 and 3 which do not have 
successive intake strokes are located adjacent to each 10 
other as a pair except for an intersecting portion of the 
air intake passages which is in the vicinity of where the 
air intake passages connect to and communicate with 
the respective cylinders Nos. 1 to 4 of the engine at one 
ends thereof (in Fig. 1 6, a portion where an upper curved 15 
portion of the fourth air intake passage 204 4 intersects 
with upper curved portions of the second and third air 
intake passages 204 2> 204 3 ). Therefore, the first and 
fourth air intake passages 204.,, 204 4 are adjacent to 
each other at a left half portion of the air intake passage 20 
portion as viewed in the direction in which the cylinders 
are arranged, whereas the second and third air intake 
passages 204 2 , 204 3 are adjacent to each other at a 
right-half portion of the air intake passage portion as 
viewed in the cylinder arrangement direction. 25 
[0099] According to the construction, the pairs of ad- 
jacent air intake passages connecting to and communi- 
cating with the pair of cylinders which does not have suc- 
cessive intake strokes are the pair of the adjacent first 
and fourth air intake passages 204.,, 204 4 connecting to 30 
and communicating with the respective cylinders of the 
pair of cylinders Nos. 1 , 4 at one ends thereof and the 
pair of the adjacent second and third air intake passages 
204 2 , 204 3 connecting to and communicating with the 
respective cylinders of the pair of cylinders Nos. 2, 3 at 35 
one ends thereof. 

[0100] As shown in Fig. 17, the first to fourth air intake 
passages 204 1 to 204 4 are made substantially equal in 
length and are curved so as to wind inwardly, and an 
intake air collecting chamber 205 is provided so as to 40 
connect to and communicate with distal ends of the air 
intake passages so wound. This intake air collecting 
chamber 205 together with an air intake duct 206 is pro- 
vided so as to be embraced within an interior space re- 
sulting by virtue of the curvature of the curved first to 45 
fourth air intake passages 204 1 to 204 4 with an intention 
to make the variable intake apparatus 201 . 
[0101] Intake air led to the air intake duct 206 via an 
air cleaner and a throttle body which are both not shown 
then flows into the intake air collecting chamber 205 50 
having a relatively large volume, where it is collected. 
When the internal combustion engine is in its low to in- 
termediate engine speed range, the intake air then flow- 
ing out of the intake air collecting chamber 205 is divided 
so as to flow through the first to fourth air intake passag- 55 
es 204 1 to 204 4 which are relatively long passages into 
the cylinders Nos. 1 to 4 for intake thereinto. Although 
a communicating path between the intake duct 206 and 



the intake air collecting chamber 205 is not shown, the 
communicating path is provided at a central portion 
along the length of the intake air collecting chamber 1 05, 
whereby the length of the air intake passages including 
the first to fourth air intake passages 204 1 to 204 4 which 
leads from the intake air collecting chamber 205 to the 
respective cylinders Nos. 1 to 4 is made to be equal. 
[01 02] First to fourth openings 207., to 207 4 each hav- 
ing a substantially rectangular shape when viewed from 
the front are formed, respectively, in bottom walls of the 
first to fourth air intake passages 204 1 to 204 4 at inter- 
mediate positions along the lengths thereof, and a sin- 
gle-unit rotary valve 203 is provided such that part there- 
of protrudes, respectively, into the first to fourth air intake 
passages through the first to fourth openings 207 1 to 
207 4 . The portion of the rotary valve which protrudes 
into the first to fourth air intake passages 204 1 to 204 4 
corresponds to a crescent-like portion, as viewed from 
an axis of the rotary valve 203, which would result when 
an arc extending over substantially one thi rd the circum- 
ference of the rotary valve is cut away (refer to Fig. 1 7). 
[0103] The rotary valve 203 is disposed in such a 
manner that the semi-cylindrical portion resultant when 
substantially half the outer circumference of the valve is 
cut away in an arc-like fashion is embraced by the main 
body wall portion 208 of the intake manifold 202, while 
the remaining arc-like portions each having a length of 
one fourth of the outer circumference of the valve pro- 
trude into the intake air collecting chamber 205. This 
main body wall portion 208 is formed into an arc extend- 
ing over half the outer circumference of the valve as 
viewed from the side and is adapted to close first and 
second communicating chambers 210, 212 (21 2 1 , 
21 2 2 ), which will be described later, depending on the 
rotational positions of the rotary valve. Substantially one 
fourth of the main body wall portion 208 extends towards 
the intake air collecting chamber 205, and a shortcut 
opening 220 is formed between a side edge of the por- 
tion of the main body wall portion 208 and internal walls 
of the first to fourth air intake passages 204., to 204 4 at 
an intermediate portion along the length thereof for use 
when the air intake passages and the intake air collect- 
ing chamber 205 are caused to communicate with each 
other in a shortcut fashion. 

[0104] This rotary valve 203 is located between the 
intermediate portion of the respective first to fourth air 
intake passages 204 1 to 204 4 and the intake air collect- 
ing chamber 205 and is adapted, as will be described 
later, to establish in a shortcut fashion or block off a com- 
munication between the respective air intake passages 
204 1 to 204 4 and the intake air collecting chamber 205 
via the communicating chamber 210, which will be de- 
scribed later, and the first to fourth openings 207 1 to 
207 4 by being switched over in response to the rotation- 
al speed of the internal combustion engine. 
[01 05] Next, the construction, operation and effective- 
ness of the rotary valve 203 will be described. 
[0106] As shown in Fig. 17, the rotary valve 203 has 
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three imaginary surfaces a, b, c which are partitioned in 
the circumferential direction as viewed from the side in 
an axial direction of the valve, and as will be described 
in detail below, it is constructed such that a communi- 
cation is established or blocked off between the adja- 5 
cent air intake passages 204 1 and 204 4 , 204 4 and 204 2> 
and 204 2 and 204 3 or between the pair of air intake pas- 
sages 204 j, 204 4 which connect to and communicate 
with the respective cylinders of the pair of cylinders 
which does not have successive intake strokes and also io 
between the pair of air intake passages 204 2 , 204 3 
which connect to and communicate with the respective 
cylinders of the pair of cylinders which does not have 
successive intake strokes, while establishing in a short- 
cut fashion or blocking off a communication between the 15 
respective air intake passages 204 1 to 2044 and the in- 
take air collecting chamber 205 by sequentially switch- 
ing over the three imaginary surfaces a, b, c in triple 
stages at equal intervals in the circumferential direction 
in response to the rotational speed of the internal com- 20 
bustion engine. 

[0107] The three imaginary surfaces a, b, c of the ro- 
tary valve 203 comprise two imaginary surfaces b, c 
which are each an arc having a length equal to one 
fourth of the outer circumference of the rotary valve and 25 
one imaginary surface a which is an arc having a length 
equal to a half of the outer circumference of the same 
valve. 

[01 08] Provided in the imaginary surface a side, which 
is one of the three imaginary surfaces a, b, c of the rotary 30 
valve 203 is the first communicating chamber 21 0 hav- 
ing a relatively large volume which can establish a com- 
munication between the adjacent air intake passages 
204 1 and 204 4 , 204 4 and 204 2> and 204 2 and 204 3 , and 
also establish a communication between the respective 35 
air intake passages 204., to 204 4 and the intake air col- 
lecting chamber 205, as shown in Figs. 20 and 21 . 
[0109] Then, when the rotary valve 203 is located at 
a rotational position as shown in Figs. 20 and 21 , a side 
portion of the first communicating chamber 210 con- 40 
fronting one of the one fourth arcs (the upper half portion 
in Fig. 21) faces the first to fourth openings 207 1 to 207 4 
in the first to fourth air intake passages 204 1 to 204 4 , 
and the other side thereof (the lower half portion in Fig. 
21 ) confronting the other one fourth arc faces the intake 45 
air collecting chamber 205, and therefore, intake air in- 
side the intake air collecting chamber 205 flows across 
the interior of the rotary valve 203 through the first com- 
municating chamber 21 0 out into the first to fourth air 
intake passages 204., to 204 4 . Thus, the first to fourth 50 
air intake passages and the intake air collecting cham- 
ber 205 are caused to communicate with each other in 
a shortcut fashion. The communicating chamber 21 0 is 
closed with the main body wall portion 208 of the intake 
manifold 202 when the rotary valve 203 is located at a 55 
position shown in Figs. 16 and 17. 
[0110] As shown in Figs. 18 and 19, provided in the 
imaginary surface b side, which is another of the three 



imaginary surfaces a, b, c of the rotary valve 203, are 
communicating chambers 21 2-, , 21 2 2 which can estab- 
lish communications, respectively, between the pair of 
adjacent first and fourth air intake passages 204 t , 204 4 
connecting to and communicating with the respective 
cylinders of the pair of cylinders Nos. 1 and 4 which does 
not have successive intake strokes at one ends thereof 
and the pair of adjacent second and third air intake pas- 
sages 204 2 , 204 3 connecting to connecting to and com- 
municating with the respective cylinders of the pair of 
cylinders Nos. 2 and 3 which does not have successive 
intake strokes at one ends thereof. These two commu- 
nicating chambers 212 1( 21 2 2 are to be referred to col- 
lectively as a second communicating chamber 21 2. The 
second communicating chamber 212 (212 1s 21 2 2 ) is 
closed with the main body wall portion 208 of the intake 
manifold 202 when the rotary valve is located at the po- 
sition shown in Figs. 20 and 21 . 

[0111] The communicating chamber 212 1s which is 
one of the second communicating chamber 21 2, and the 
communicating chamber 21 2 2 , which is the other there- 
of , are formed by being surrounded by the partition wall 
(the third partition wall) 21 4, which constitutes a partition 
between the surface a and the surface b along the full 
length of the rotary valve 203, the partition wall (the first 
partition wall) 21 5, which constitutes a partition between 
the surface b and a surface c, which is the other of the 
three imaginary surfaces a, b, c of the rotary valve 3 and 
will be described later, along the full length of the rotary 
valve 203, and a partition wall (a fourth partition wall) 
216, which constitutes a partition between the centrally 
located two fourth and second air intake passages 204 4 , 
2042. The second communicating chambers 21 2 (21 2 1 , 
21 2 2 ) are each desirably formed into a configuration al- 
lowing their cross-sectional areas to be substantially 
equal to those of the respective air intake passages 
204! to 204 4 . 

[0112] As shown in Figs. 16 and 17, provided in the 
imaginary surface c, which is the other of the three im- 
aginary surfaces a, b, c of the rotary valve 203, are par- 
tition walls (second partition wails 1 to 3) adapted to 
block off a communication between the adjacent air in- 
take passages 204! and 204 4 , 204 4 and 204 2 , and 204 2 
and 204 3 . These partition wails consist of crescent- 
shaped partition walls (second partition walls 1 to 3) 21 7 
to 21 9 adapted to function as partitions between the air 
intake passages and the aforesaid partition wall (the first 
partition wall) 215. Then, when the rotary valve 203 is 
located a rotational position as shown in Figs. 16 and 
17, there are provided four independent passage por- 
tions for forming the completely independent long air in- 
take passages 204! to 204 4 by blocking off communi- 
cations between the adjacent air intake passages 204! 
and 204 4 , 204 4 and 204 2 , 204 2 and 204 3 , respectively. 
[0113] While drawn linearly in Figs. 16 and 17, the 
partition wall 215 is curved on the external surface so 
as to protrude into the respective air intake passages 
204! t0 204 4 in sucn a manner as not to change the sec- 
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tional configuration of the respective air intake passages 
204., to 204 4 along the longitudinal direction of the pas- 
sages and is also curved so as to be depressed slightly 
towards the interior of the rotary valve so that the cross- 
sectional configurations of the respective air intake pas- 
sages 204 1 to 204 4 along a direction normal to the lon- 
gitudinal direction thereof are not changed. 
[01 1 4] The first to fourth partition walls 21 4 to 2 1 9 and 
the first and second communicating chambers 210,212 
(212.,, 212 2 ) will be described in greater detail. 
[0115] The first partition wall 215 extends between 
two vortexes of a quadrate obtained by dividing circum- 
ferentially at equal intervals the outer circumference of 
the rotary valve 203 into four and has a length corre- 
sponding to the length over which the four air intake pas- 
sages 204 1 to 204 4 which are independent from each 
other are arranged sideways inline with each other. The 
three second partition walls 21 7 to 219 are provided on 
the first partition wall 215 contiguously therewith so as 
to be each formed into a crescent shape and cut off a 
communication between the adjacent air intake passag- 
es 204 1 and 204 4 , 204 4 and 204 2 , and 204 2 and 204 3 . 
The third partition wall 2 1 4 extends between the two ver- 
texes of the quadrate which face diagonally and has a 
length corresponding to the length over which the four 
air intake passages 204 1 to 204 4 which are independent 
from each other are arranged sideways in line with each 
other. The fourth partition wall 216 is provided so as to 
extend between the third partition wall 214 and the first 
partition wall 215 contiguously with and blocks off a 
communication between the centrally provided two ad- 
jacent air intake passages 204 4 , 204 2 . The first commu- 
nicating chamber 210 and the second communicating 
chamber 212 (212 1s 212 2 ) are disposed back to back 
across the third partition wail 214. Thus, the rotary valve 
203 has in total three partitioned communicating cham- 
bers 210, 212^ 212 2 in the interior thereof. 
[0116] The rotary valve 203 comprises the control 
means as well as the first embodiment for sequentially 
switching over the rotary valve in triple stages in re- 
sponse to the rotational speed of the internal combus- 
tion engine such that any of the three imaginary surfaces 
a, b, c (the upper half portion thereof with respect to the 
imaginary surface a) faces the first to fourth openings 
207., to 207 4 in the first to fourth air intake passages 
204., to 204 4 . Note that the imaginary surface a is not 
continuously switched over along the full arc length 
thereof (arc of one half the full circumferential length of 
the rotary valve) 

[01 1 7] The control means controls and switches over 
the rotary valve 203 as will be described below in re- 
sponse to the rotational speed of the internal combus- 
tion engine. 

[0118] First, in the event that the internal combustion 
engine is in its low engine speed range in which the ro- 
tational speed of the engine is lower than a predeter- 
mined rotational speed N-,, the control means controls 
and switches over the rotary valve 203 such that the oth- 



er imaginary surface c of the three imaginary surfaces 
a, b, c of the rotary valve 203 faces the first to fourth 
openings 207., to 207 4 in the first to fourth air intake pas- 
sages 204., to 204 4 , whereby communications between 
5 all the adjacent air intake passages 204., and 204 4 , 204 4 
and 204 2 , and 204 2 and 204 3 are blocked off by the par- 
tition wall 215 and the partition walls 21 7 to 21 9 to there- 
by form the first to fourth air intake passages which are 
long and perfectly independent from one another. 

10 [0119] Then, intake air inside the intake air collecting 
chamber 205 flows into and through the first to fourth 
long air intake passages 204., to 204 4 for supply into the 
respective cylinders Nos. 1 to 4. When this occurs, the 
intake air collecting chamber 205 functions as a portion 

is open to the atmosphere, which becomes a chamber 
where intake pressure wave pulses are reversed, 
whereby the intake pressure wave pulse having a low 
natural frequency inside the long air intake passages 
204., to 204 4 and a long opening and closing cycle of 

20 the intake valves based on the low engine speed of the 
internal combustion engine are tuned to each other to 
thereby obtain a high inertial supercharging effect, 
whereby a high intake air charging efficiency can be ob- 
tained for each of the cylinders, thus making it possible 

25 to improve the output torque of the internal combustion 
engine (referto®in Figs. 8 and 25). Note that when this 
happens, the volumes of the second communicating 
chambers 212 (212.,, 21 2 2 ) add to that of the intake air 
collecting chamber 205, and this increases the reverse 

30 chamber for intake air pressure pulses to that extend, 
thereby enhancing the aforesaid effect. 
[01 20] Next, in the event that the internal combustion 
engine is in its intermediate engine speed range in which 
the rotational speed of the internal combustion engine 

35 is greater than N., but is lower than a predetermined ro- 
tational speed N 2 (N.,<N 2 ), (N 1 <N<N 2 ), as shown in 
Figs. 1 8 and 1 9, the control means controls and switch- 
es over the rotary valve 203 such that another imaginary 
surface b of the three imaginary surfaces a, b, c of the 

40 rotary valve 203 faces the first to fourth openings 207! 
to 207 4 in the first to fourth air intake passages 204! to 
204 4 , whereby a communication is established between 
the pair of first and fourth air intake passages 204! , 204 4 
connecting to and communicating with the respective 

45 cylinders of the pair of cylinders Nos. 1 and4which does 
not have successive intake strokes at one ends thereof 
and between the pair of second and third air intake pas- 
sages 204 2 , 204 3 connecting to and communicating with 
the respective cylinders of the pair of cylinders Nos. 2 

so and 3 which does not have successive intake strokes at 
one ends thereof via the communicating chambers 212! 
and 21 2 2 , respectively. 

[0121] Then, the respective pairs of air intake pas- 
sage portions 204 1u , 204 2u and 204 2u , 204 3u upstream 
55 of the respective communicating portions (the commu- 
nicating chambers 212! and 21 2 2 constructing the sec- 
ond communicating chamber) between the pair of the 
first and fourth air intake passages 204!, 204 4 and the 
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pair of the second and third air intake passages 204 2 , 

204 3 constitute a resonating system for each pair of cyl- 
inders, and the intake pressure waves can be propagat- 
ed through the respective air intake passages 204., to 

204 4 and the respective communicating portions (the 5 
communicating chambers 21 2 1 and 21 2 2 ) without re- 
versing therein for use for the following intake stroke in 
the other cylinder of the same pair, whereby a high res- 
onating supercharging effect can be obtained, and a 
high intake air charging efficiency can be obtained for 
the respective cylinders of the pairs of cylinders Nos. 1 , 
4 and 2, 3 which do not have successive intake strokes, 
thereby making it possible to improve the output torque 
of the internal combustion engine. Thus, it is possible to 
compensate for drops in intake air charging efficiency 
and output torque which would result in an intermediate 
portion between the low engine speed range and the 
high engine speed range (refer to@in Figs. 8 and 25). 
[0122] Furthermore, next, in the event that the internal 
combustion engine is in its high engine speed range 
(N 2 <N) in which the rotational speed of the engine is 
higher than N 2 , as shown in Figs. 20 and 21 , the control 
means controls and switches over the rotary valve 203 
such that the one imaginary surface a of the three im- 
aginary surfaces a, b, c of the rotary valve 203 faces the 
first to fourth openings 207 1 to 207 4 in the first to fourth 
air intake passages 204., to 204 4 and the intake air col- 
lecting chamber 205 whereby communications are es- 
tablished between all the adjacent air intake passages 
204 1 and 204 4 , 204 4 and 204 2 , and 204 2 and 204 3 , while 
establishing a communication in a shortcut fashion be- 
tween the respective air intake passages 204 1 to 204 4 
and the intake air collecting chamber 205 via the first 
communicating chamber 21 0. 

[0123] When this occurs, the first communicating 
chamber 21 0 which is formed so as to have a relatively 
large volume and the intake air collecting chamber 205 
function as a portion open to the atmosphere and con- 
stitute a reverse chamber for intake pressure wave puls- 
es, whereby the intake pressure wave pulse having a 
high natural frequency inside short air intake passage 
portions 204 1d to 204^ extending from the combustion 
chambers to the communicating chamber 210 and a 
short opening and closing cycle of the intake valves 
based on the high rotational speed of the engine are 
tuned to each other to thereby obtain a high inertial su- 
percharging effect, and a high intake air charging effi- 
ciency is obtained for all the cylinders, thereby making 
it possible to improve the output torque of the engine 
(refer to®in Figs. 8 and 25). 

[0124] Thus, the flat and high intake air charging effi- 
ciency and high output torque can be obtained over a 
wide range of engine speeds from the low engine speed 
range to the high engine speed range. In general, when 
comparing the inertial supercharging effect with the res- 
onating supercharging effect, the inertial one can exhibit 
a larger effect, and therefore, the resonating super- 
charging effect is regarded as one for assisting the in- 



ertial supercharging effect. According to the third em- 
bodiment of the invention, however, as has been de- 
scribed heretofore, the drop in intake air charging effi- 
ciency at the intermediate portion between the high in- 
take air charging efficiency based on the inertial super- 
charging effect obtained in the low engine speed range 
and the high intake air charging efficiency based on the 
inertial supercharging effect obtained in the high engine 
speed range is compensated for sufficiently by the im- 
provement in intake air charging efficiency based on the 
inertial supercharging effect obtained in the intermedi- 
ate engine speed range. 

[01 25] Since the third embodiment of the invention is 
constructed as has been described heretofore, the fol- 
lowing advantages can further be provided. 
[0126] The four air intake passages 204! to 204 4 
which are independent from each other and which con- 
nect to and communicate with the respective cylinders 
of the in-line four-cylinder internal combustion engine, 
respectively, at one ends thereof and the single intake 
air collecting chamber at the other ends thereof are ar- 
ranged sideways in line with each other in the direction 
in which the cylinders of the internal combustion engine 
are arranged such that of the air intake passages those 
connecting to and communicating with the cylinders 
which do not have successive intake strokes are located 
adjacentto each other except for the intersecting portion 
of the air intake passages which is in the vicinity of where 
the air intake passages connect to and communicate 
with the respective cylinders of the engine at the one 
ends thereof. Then, the rotary valve 203 is provided in 
such a manner that substantially one fourth of the outer 
circumference thereof projects into an intermediate por- 
tion along the length of the air intake passages 204., to 
204 4 in the arc-like fashion. 

[0127] As a result, there is no risk that the air intake 
passages 204! to 204 4 intersect with one another ex- 
cept for the intersecting portion of the air intake passag- 
es which is in the vicinity of where the air intake passag- 
es connect to and communicate with the respective cyl- 
inders of the engine at the one end, and there is no risk, 
either, that the rotary valve 203 for performing the vari- 
able intake operation protrudes in the length-wise direc- 
tion of the vehicle or a direction normal to an axis of the 
valve. Thus, the variable intake apparatus 201 including 
the intake manifold 202 can be formed compact as 
viewed from the direction in which the cylinders are ar- 
ranged, this resulting in a good space efficiency. In ad- 
dition, this makes it easy to render the respective air in- 
take passages 204 n to 204 4 equal in length. 
[0128] In addition, since the high intake air charging 
efficiency and high output torque over the low engine 
speed range to the high engine speed range can be ob- 
tained by constructing the rotary valve 203 provided in 
such a manner that substantially one fourth of the outer 
circumference thereof projects into the intermediate 
portion along the length of the air intake passages 204! 
to 204 4 in the arc-like fashion as the triple-staged rotary 
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valve that can be switched over at equal intervals in re- 
sponse to the rotational speed of the internal combus- 
tion engine, the number of components for the valve and 
actuators is reduced, thereby making it possible to re- 
duce the production cost of the apparatus, simplify the 
construction of the same and reduce the weight thereof, 
whereby the variable intake apparatus 201 for an in-line 
four-cylinder internal combustion engine can easily be 
obtained which requires less space for installation there- 
of. Additionally, since the valve body and the shaft por- 
tion of the rotary valve 203 do not protrude into the air 
intake passages 204 1 to 204 4 , there is caused no risk 
that the intake resistance is increased. 
[0129] Additionally, since the rotary valve 203 is 
switched over for operation by means of electric or neg- 
ative pressure actuators, the construction of the control 
means can be made simple for controlling and switching 
over the rotary valve 203 in triple stages in response to 
the rotational speed of the internal combustion engine. 
[0130] In addition, the rotary valve 203 has the three 
imaginary surfaces a, b, c which are partitioned circum- 
ferentially as viewed from the side in the axial direction 
of the valve, and the three imaginary surfaces of the ro- 
tary valve 203 are adapted to be circumferentialiy 
switched over in triple stages at equal intervals in re- 
sponse to the rotational speed of the internal combus- 
tion engine in such a manner that in the low engine 
speed range of the internal combustion engine, a com- 
munication is cut off through all the adjacent air intake 
passages 204 1 and 204 4 , 204 4 and 204 2 , and 204 2 and 
204 3 , in the intermediate engine speed range of the en- 
gine, a communication is established between each of 
the pairs of adjacent first and fourth air intake passages 
204 1} 204 4 and second and third air intake passages 
204 2 , 204 3 which both connect at one ends thereof to 
the respective cylinders of the pairs of cylinders which 
do not have successive intake strokes, and at the high 
engine speed range thereof, not only a communication 
is established through all the air intake passages 204 1 
and 204 4 , 204 4 and 204 2 , 204 2 and 204 3 which are ad- 
jacent to each other, but also a communication between 
the respective air intake passages 204 1 to 2044 are es- 
tablished in a shortcut fashion via the first communicat- 
ing chamber 210. 

[0131] As a result, since the constructions are impart- 
ed on the respective surfaces of the three imaginary sur- 
faces a, b, c which render variable intake operations, 
respectively, in response to the low, intermediate and 
high engine speed ranges of the internal combustion en- 
gine, the internal construction of the rotary valve 203 
can be made relatively simple. In particular, in the inter- 
mediate engine speed range of the internal combustion 
engine, when a communication is established between 
each of the pairs of first and fourth air intake passages 
204 1t 204 4 and second and third air intake passages 
which communicate, respectively, with the respective 
cylinders of pairs of cylinders which do not have succes- 
sive intake strokes at one ends thereof, since the air in- 



take passages of each pair are placed adjacent to each 
other, the partition wall between the air intake passages 
may only have to be deleted, and therefore, the com- 
municating paths (the second communicating chamber 
5 212 (21 2 1 , 21 2 2 )) therebetween can be constructed very 
easily. 

[01 32] In addition , since the respective air intake pas- 
sages 204 1 to 204 4 and the intake aircollecting chamber 
205 are caused to communicate with each other in a 

10 shortcut fashion via the rotary valve 203, even if the re- 
spective air intake passage portions (long air intake pas- 
sage portions) 204 1u to 204^ upstream of the commu- 
nicating chambers 212 (21 2, , 21 2 2 ) between the adja- 
cent air intake passages 204 1 and 204 4 , 204 4 and 204 2 , 

*s 204 2 and 204 3 are made thinner, and the low engine 
speed range is shifted down towards a lower engine 
speed side, an intake air flow rate required at the high 
engine speed range can be secured sufficiently, and the 
intake apparatus can be formed more compact. 

20 [0133] Furthermore, the first to fourth air intake pas- 
sages 204 1u to 204 4u are curved so as to wind inwardly, 
and the intake air collecting chamber 205 and the air 
intake duct 206 are disposed in an internal space in the 
curvature of the curved air intake passages. Moreover, 

25 the rotary valve 203 is disposed such that part of the 
outer circumference thereof (substantially half the full 
circumference thereof) is embraced by the main body 
wall portion 208 of the intake manifold 202 including the 
wall of the intake air collecting chamber 205. Thus, in 

30 this construction, the variable intake apparatus 201 can 
be formed into a circular or round shape as viewed from 
the side, whereby the variable intake apparatus 201 can 
be made more compact, providing a better space effi- 
ciency. 

35 

<Fourth Embodiment 

[01 34] Next, a description will be given of a fourth em- 
bodiment of the invention with reference to in Figs. 22 
40 to 24. 

[0135] Figs. 22 to 24 are diagrams corresponding to 
Figs. 17, 19 and 21 which show the respective periph- 
eral portions of the rotary valve, and like reference nu- 
merals are imparted to like portions. 

45 [0136] In Figs. 22 to 24, when compared with the third 
embodiment, a variable intake apparatus 201 according 
to the fourth embodiment differs in that a rotary valve 
203 has a first partition wall 215 on an opposite side of 
a third partition wall 214, and that first to fourth air intake 

50 passages 204 1 to 204 4 are formed slightly more linearly 
at portions before and after they pass through a protrud- 
ing portion of the rotary valve 203. 
[0137] As described above, when compared with the 
rotary valve 203 of the third embodiment, since the ro- 

55 tary valve 203 according to the fourth embodiment has 
the first partition wall 215 on the opposite side of the 
third partition wall, the direction in which three imaginary 
surfaces a, b, c of the rotary valve 203 are sequentially 
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switched over in triple stages in the circumferential di- 
rection is changed to a counterclockwise direction, 
whereas in the third embodiment, they are switched 
over in the clockwise direction. 

[0138] Furthermore, when the three imaginary surfac- 
es a, b, c of the rotary valve 203 is switched over cir- 
cumferentially in triple stages in response to the rota- 
tional speed of the internal combustion engine, in the 
fourth embodiment, they are switched over sequentially 
in triple stages at irregular intervals (at 0 degree, 90 de- 
grees, 270 degrees), whereas in the third embodiment, 
the surfaces are switched over sequentially in triple 
stages at regular intervals (at 0 degree, 90 degrees, 1 80 
degrees). 

[0139] While the fourth embodiment differs from the 
third embodiment in those aspects, they are identical to 
each other in the other aspects, and hence the descrip- 
tion thereof will be omitted. 

[0140] Being constructed as described above, the 
fourth embodiment provides the following advantages. 
[0141] In particular, at the intermediate engine speed 
range of the internal combustion engine, the imaginary 
surface b which is the arc having the length of one fourth 
of the outer circumference of the rotary valve 203 as 
viewed from the side protrudes (refer to Fig. 23) into the 
intermediate portion of the air intake passages 204 1 to 
204 4 , and when this occurs, the third partition wall 214 
constituting the longest arc-like portion of the rotary 
valve 203 is located more rearward than the first parti- 
tion wall 21 5 which is the arc cutting away one fourth of 
the outer circumference of the rotary valve 203 in the 
flow of intake air and takes an inclined posture relative 
to the flow of intake air. 

[0142] As a result, when the intake air flow passes 
through the protruding portion of the rotary valve 203, 
the degree that the intake airflow is disturbed by a side 
edge on the air intake passage side of the third partition 
wall 21 4, or the intake air flow is met with the resistance 
of the flow, becomes lower than the third embodiment 
that the first partition wall 215 is located more rearward 
than the third partition wall 214 in the flow of intake air 
(refer to Fig. 19), whereby the air intake resistance is 
reduced further, and intake air is supplied smoothly into 
the cylinders Nos. 1 to 4. 

[0143] An advantage like this is exhibited more clear- 
ly, as with the fourth embodiment of the present inven- 
tion, where the first to fourth air intake passages 204 1 
to 204 4 are formed slightly more linear at the portions 
before and after the air intake passages pass through 
the protruding portion of the rotary valve 203. This is 
because in a case like that, intake air flows through the 
respective cross-sections of the first to fourth air intake 
passages 204 1 to 204 4 substantially at equal speed and 
when compared with the case where the first to fourth 
air intake passages 204 1 to 204 4 are curved, a relatively 
large volume of intake air flows down while contacting 
the air intake passage side edge portion of the third par- 
tition wall 214. 



[0144] In addition, at the low engine speed range of 
the internal combustion engine, the imaginary surface c 
which is the arc extending one fourth the outer circum- 
ference of the rotary valve 203 as viewed from the side 

5 protrudes into the intermediate portion of the air intake 
passages (refer to Fig. 22), and when this occurs, the 
first communicating chamber 210 opens toward the in- 
take air collecting chamber 205. This communicating 
chamber 210 is separated from the second communi- 

10 eating chambers 21 2 by the third partition wall 21 4 and 
has the larger capacity than those of the second com- 
municating chambers 212. Thus, this increases more 
the volume of the intake air collecting chamber 205 than 
when the second communicating chambers 212 be- 

15 come open towards the intake air collecting chamber 
205 (refer to Fig. 17). 

[0145] As a result, the function of the intake air col- 
lecting chamber as the portion open to the atmosphere 
(the reverse chamber for intake pressure wave pulses) 

20 is increased, whereby the inertial supercharging effect 
in the low engine speed of the internal combustion en- 
gine is improved and a higher intake air charging effi- 
ciency can be obtained, thereby making it possible to 
improve the output torque of the engine. 

25 [0146] Note that the constructions of the first commu- 
nicating chamber 210, the second communicating 
chamber 21 2 (21 2-j , 21 2 2 ), and the partition walls 21 4, 
215 are not limited to those described in the first and 
second embodiments of the invention, but may be mod- 

30 rfied in various ways. 

<Fifth Embodiment 

[0147] Next, a description will be given in detail of a 
35 fifth embodiment in which a seal construction is fitted to 
the rotary valve of the variable intake apparatus of the 
first embodiment with reference to Figs. 26 and 27. 
[0148] As is shown in Fig. 2, the rotary valve 3 is em- 
braced rotatably by rear wall surfaces of the portions of 
40 the first to fourth air intake passages 4 1 to 4 4 which are 
parent bodies in which the first to fourth openings 7 1 to 
7 4 are formed and the arc-like surfaces of the main body 
wall portion 8, and seal members are mounted on outer 
circumferential surface portions of the rotary valve 3 
45 where the rotary valve 3 is brought into friction contact 
with the embracing surfaces when rotating. 
[0149] The following eight members are provided as 
the outer circumferential surface portions of the rotary 
valve 3. Namely, as shown in Figs. 26 and 27, they are 
so first to fifth sliding faces 21 1 to 21 5 that are formed at 
regular intervals from one end to the other end of the 
rotary valve 3 in the axially longitudinal direction thereof 
and which extends circumferentially and first to third 
sliding faces 22 1 to 22 3 that are formed at regular inter- 
ns vals in the circumferential direction of the rotary valve 3 
and which extends axially longitudinally. 
[0150] The first and fifth circumferentially extending 
sliding faces 21 1} 21 5 constitute outer circumferential 
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surfaces at the ends of the rotary valve 3, respectively, 
and they are perfect circumferential surfaces extending 
around the all outer circumference of the rotary valve 3. 
The second circumferentially extending face 21 2 consti- 
tutes an outer circumferential surface of a partition wall 
body which consists of a crescent-shaped partition wall 
1 8 (refer to Fig. 1) and a partition wall 1 6 (refer to Fig. 
3) which are made contiguous with each other, the cres- 
cent-shaped partition wall 18 constituting a first one of 
second partition walls and the partition wall 16 consti- 
tuting a first one of fourth partition walls, to thereby form 
an arc-like surface extending substantially two thirds the 
outer circumference of the rotary valve 3. Additionally, 
the third circumferentially extending sliding face 21 3 lo- 
cated at a axially longitudinally central position consti- 
tutes a crescent-shaped partition wall 19 (refer to Fig. 
1 ) constituting a second one of the second partition walls 
to thereby form an arc-like surface extending substan- 
tially one third the outer circumference of the rotary 
valve 3. Furthermore, the fourth circumferentially ex- 
tending sliding surface 21 4 constitutes an outer circum- 
ferential surface of a partition wall body which consists 
of a crescent-shaped partition wall 20 (refer to Fig. 1) 
and a partition wall 17 (refer to Fig. 3) which are made 
contiguous with each other, the crescent-shaped parti- 
tion wall 20 constituting a third one of the second parti- 
tion walls and the partition wall 1 7 constituting a second 
one of the fourth partition walls, to thereby form an arc- 
like surface extending substantially two thirds the outer 
circumference of the rotary valve 3. 
[0151] The third circumferentially extending sliding 
face 21 3 is partially cut away so as to form a first com- 
municating chamber 1 0 and a communicating chamber 
(refer to Fig. 3) which constitutes a first one of commu- 
nicating chambers 12 and therefore, the third sliding 
face 21 3 remains as an arc-like surface extending only 
substantially one third the outer circumference of the ro- 
tary valve 3. 

[0152] The first and third axially longitudinally extend- 
ing sliding faces 22.,, 22 3 are formed along side edges 
of a partition wall 15. Additionally, the second axially lon- 
gitudinally extending sliding face 22 2 formed along a 
side edge which is opposite to a side which joins to the 
first partition wall 15 of third partition walls 14. These 
three sliding faces 22 1 to 22 3 are spaced away at 120 
degree intervals from each other. 
[0153] Seal ring mounting grooves are formed in the 
first to fifth circumferentially extending sliding faces 21 1 
to 21 5 and the first to third axially longitudinally extend- 
ing sliding faces 22., to 22 3 along the longitudinal direc- 
tion of the respective sliding faces, and seal members 
of lengths corresponding to the lengths of the respective 
sliding faces are mounted in the sliding grooves. 
[0154] Of first to third seal plates 24 1 to 24 3> the first 
and third seal plates 24.,, 24 3 have each five recessed 
portions 26 which are each adapted to fit in first to five 
seal rings 23 1 to 23 5 and are of the same shape. The 
second seal plate 24 2 has four recessed portions 26 



adapted to fit in the first, second, fourth and fifth seal 
rings 23.,, 23 2 , 23 4 , 23 5l respectively. 
[0155] The first, second, fourth and fifth seal rings 23.,, 
23 2 , 23 4 , 23 5 , each have three recessed portions 25 for 
5 fitting with the first to third seal plates 24 1 to 24 3 . Addi- 
tionally, the third seal ring 23 3 has two recessed portions 
25 for fitting with the first and third seal plates 24 1t 24 3 , 
respectively. 

[01 56] Consequently, the first to fifth seal rings 23 1 to 
10 23 5 and the first to third seal plates 24 1 to 24 3 fit in each 
other at least two locations for assembly and integration, 
whereby when these are mounted on the respective 
sliding faces of the rotary valve 3, the first to fifth seal 
rings 23^ to 23 5 are held by the first to third seal plates 
is 24 1 to 24 3 at at least two locations so that the seal rings 
do not move in particular in the circumferential direction 
of the rotary valve 3. Thus, sealing is designed to be 
effected between all the adjacent stages, as well as all 
the adjacent air intake passages 4 1 and 4 2 . 4 2 and 4 3 , 

20 4 3 and 4 4 of the rotary valve 3 adapted to be switched 
over in triple stages circumferentially in response to the 
engine speed of the internal combustion engine by vir- 
tue of the combination of the seal members. 
[0157] In Fig. 26, the first to fifth seal rings 23 1 to 23 5 

25 show positional relationships resulting when they are 
mounted in the corresponding sliding faces of the rotary 
valve 3, and the recessed portions 25 located at the 
same circumferential positions fittingly receive therein 
the corresponding recessed portions 26 of the same 

30 seal plate shown by an arrow. 

[0158] The first and fifth seal rings 23 1 , 23 5 are of the 
same shape, and the second and fourth seal rings 23 2 , 
23 4 are of the same shape. In addition, the first and third 
seal plates 24., , 24 3 are of the same shape, this resulting 

35 in five types of seal members which are used in the seal 
construction of the rotary valve 3. However, as to the 
seal plates, they may be of the same shape, and if this 
is the case, there are four types of seal members, this 
making it possible to reduce the number of component 

40 parts to be used. In addition, resin materials are used 
for production of the seal members with a view to reduc- 
ing the weight of the variable intake apparatus 1 . Note 
that resin material may also be used for the intake man- 
ifold 2 and the rotary valve 3 so as to reduce further the 

45 weight of the variable intake apparatus 1 . 

[01 59] Since the seal construction for the rotary valve 
3 for application to the variable intake apparatus 1 in an 
in-line four-cylinder internal combustion engine is con- 
structed as described above, the following advantages 

50 can be exhibited. 

[0160] The seal construction for a rotary valve for a 
variable intake apparatus for an in-line four-cylinder in- 
ternal combustion engine wherein the variable intake 
apparatus is constructed such that the four air intake 

55 passages 4 1 to 4 4 which are independentfrom each oth- 
er and which connect to and communicate with respec- 
tive cylinders Nos. 1 to 4 of the in-line four-cylinder in- 
ternal combustion engine, respectively, at one ends and 
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a single intake air collecting chamber 5 at the other ends 
thereof are arranged sideways in line with each other in 
a direction in which the cylinders of the internal combus- 
tion engine are arranged, and that the rotary valve 3 is 
provided at the intermediate portion along the length of 
the air intake passages in such a manner that the arc- 
like portion extending substantially one third the outer 
circumference of the rotary valve protrudes thereinto, 
the rotary valve 3 comprising a control means for switch- 
ing over the rotary valve 3 in triple stages in response 
to the rotational speed of the internal combustion en- 
gine, so that not only is a communication established or 
cut off between all the air intake passages 4 1 and 4 2 , 4 2 
and 4 3 , 4 3 and 4 4 which are adjacent to each other but 
also a communication is established between each of 
pairs of air intake passages 4 1 and 4 4 , 4 2 and 4 3 (two 
pairs in total) connecting to and communicating with the 
respective cylinders of pairs of the cylinders which do 
not have successive intake strokes at the one ends 
thereof, respectively, is characterized in that; seal plates 
and seal rings are provided on the outer circumference 
of the rotary valve, the seal plates 24 1 to 24 3 being di- 
rected in an axially longitudinal direction of the rotary 
valve and mounted at three locations which are spaced 
away from each other in a circumferential direction of 
the rotary valve, and the seal rings 23 2 to 23 4 being di- 
rected in the circumferential direction of the rotary valve 
and mounted at locations which are spaced away from 
each other in the axially longitudinal direction of the ro- 
tary valve and cut off a communication between the air 
intake passages, and that the seal rings 23 2 to 23 4 are 
held by and made integral with the seal plates 24 n to 24 3 
at at least two locations where the seal rings intersect 
with the seal plates. 

[0161] As a result, the seal plates 24 1 to 24 3 and the 
whole of the seal rings 23 1 to 23 5 including the seal rings 
23 2 to 23 4 which constitute the seal members can be 
molded from resin separately and independently, 
whereby the constructions of molds for molding the seal 
members are simplified and the weight and production 
cost can be reduced. In addition, the holding construc- 
tion for the seal rings 23 2 to 23 4 is simplified, whereby 
the seal rings 23 2 to 23 4 are able to be held securely by 
the seal plates 24 1 to 24 3 and the operation of assem- 
bling the seal members to the rotary valve can be eased. 
[0162] Additionally, even if the respective seal mem- 
bers expand and deform due to an increase in the at- 
mospheric temperature or the like after they have been 
assembled together, since the expansion and deforma- 
tion so generated can be absorbed by clearances be- 
tween the assembled component parts, even if the ro- 
tary valve that can be switched over in triple stages is 
located at any position of low, intermediate and high en- 
gine speed ranges of the internal combustion engine, 
the intended seal function can be maintained securely. 
[0163] Furthermore, since the seal plates 24 1 to 243 
and the seal rings 23 1 to 23 5 are made integral with each 
other through the fitting of the recessed portions 25, 26 



formed in the seal plates and the seal rings, respectively, 
the construction of assembling and making integral the 
seal plates 24 1 to 24 3 and the seal rings 23 1 to 23 5 with 
each other is simplified, this facilitating further the as- 
5 sembling operation of the seal members to the rotary 
valve 3. 

<Sixth Embodiment* 

10 [0164] Next, referring to Fig. 28, a sixth embodiment 
of the invention in which a seal construction is fitted to 
the rotary valve of the variable intake apparatus accord- 
ing to the second embodiment of the invention will be 
described below. 

15 [01 65] The seal construction of a rotary valve applied 
to the variable intake apparatus 101 for an in-line four- 
cylinder internal combustion engine in the sixth embod- 
iment differs from the seal construction of the rotary 
valve 103 described in the fifth embodiment as will be 

20 described below due to the difference in construction 
between the rotary valves 3 and 1 03 when the construc- 
tions of the two rotary valves are compared with each 
other. 

[0166] First, when compared with the rotary valve 3 

25 j n the first embodiment, in the rotary valve 1 03 in the 
second embodiment, a third partition wall 114 has a 
length extending over a length over which four air intake 
passages 104 n to 104 4 which are independent from 
each other are arranged sideways in line with each oth- 

30 er, and two second communicating chambers 112-,, 
1 1 2 2 are provided in parallel with each other on one side 
of the third partition wall 114. Additionally, there is pro- 
vided inside no communicating path for establishing a 
communication in a shortcut fashion between the air in- 

35 take passages 1 04., to 1 04 4 and the intake air collecting 
chamber 105. Then, in order to enable the construction 
like this to happen in the second embodiment, the air 
intake passage 1 04 4 is disposed adjacent to the air in- 
take passage 1 04., except for a portion in the vicinity of 

40 where the air intake passage 1 04 4 connects to the cyl- 
inder No. 4 at one end thereof, whereas the air intake 
passage 104 4 is curved so as to intersect with the cyl- 
inders Nos. 2, 3 in the vicinity of where the same pas- 
sage connects to the cylinder No. 4 at the one end there- 

^5 of, whereby a communication is allowed to be estab- 
lished between each of the pairs of adjacent air intake 
passages 104.,, 104 4 and 104 2> 104 3 . 
[0167] In addition, the intake air collecting chamber 
105 is fully closed relative to an intermediate portion of 

50 the air intake passages 104! to 104 4 , whereby the short- 
cut communication is made impossible between the re- 
spective air intake passages 1 04., to 1 04 4 and the intake 
air collecting chamber 105. Due to this, the main body 
wall portion 108 is provided so as to extend as far as 

55 where lower edges of the openings 1 07-, to 1 07 4 in the 
air intake passages 104-, to 104 4 with the same curva- 
ture for joint thereto to thereby embrace an arc-like por- 
tion of the rotary valve 103 which corresponds to sub- 
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stantially two thirds of the outer circumference thereof. 
Note that there is no difference from the first embodi- 
ment in the configuration of a first partition wall 115 and 
three crescent-shaped partition walls 117 to 119 (see 
Fig. 9) of second partition walls. 
[0166] In the six embodiment, since the rotary valve 
103 is constructed as described above, second, third 
and fourth sliding faces 121 2 , 121 3 , 121 4 which extend 
in the circumferential direction of the rotary valve 103 
(refer to Fig. 28) constitute arc-like surfaces extending, 
respectively, substantially one third, substantially two 
thirds and substantially one third of the outer circumfer- 
ence of the rotary valve, and second, third and fourth 
seal rings 123 2 , 123 3 , 123 4 which have arc lengths 
matching those arc lengths, respectively, are mounted 
in the second, third and fourth sliding faces 121 2 , 121 3 , 
121 4 . In addition, the second seal plate 124 2 that is to 
be mounted in the second sliding face 122 2 extending 
in the axially longitudinal direction of the rotary valve on- 
ly has three recessed portions 126 adapted to fit in the 
first, third and fifth seal rings 123.,, 123 2 , 123 5 . 
[0169] The sixth embodiment is different from the fifth 
embodiment in the aforesaid aspects, but since there is 
no other aspect in the sixth embodiment which is differ- 
ent from the fifth embodiment, a detailed description 
thereof will be omitted. 

[0170] Since it is constructed as has been described 
heretofore, the sixth embodiment operates substantially 
similarly to the variable intake apparatus for an in-line 
four-cylinder internal combustion engine in the fifth em- 
bodiment and can provide similar advantages to those 
of the seal construction for a rotary valve applied to the 
variable intake apparatus for an in-line four-cylinder 
combustion internal engine described in the first embod- 
iment. In particular, thecommunization of the seal mem- 
bers on both the fifth and sixth embodiments can be at- 
tained. 

[0171] While only certain embodiments of the inven- 
tion have been specifically described herein, it will ap- 
parent that numerous modifications may be made there- 
to without departing from the spirit and scope of the in- 
vention. 

[0172] A variable intake apparatus for an in-line four- 
cylinder internal combustion engine includes a rotary 
valve 3 provided between an intermediate portion along 
the length of four air intake passages 4 1 to 4 4 and an 
intake air collecting chamber 5, and a control means 
switching the rotary valve 3 in triple stages in response 
to the engine speed. The control means is constructed 
such that at a low speed range, communications are 
blocked off between the adjacent intake passageways 

41 and 4 2 , 4 2 and 4 3 , 4 3 and 4 4 , at an intermediate speed 
range, communications are established between pairs 
of intake passageways 4 1 and 4 4 , 4 2 and 4 3> and at a 
high speed range, communications are established not 
only between the adjacent intake passages 4., and 4 2 , 

4 2 and 4 3 , 4 3 and 4 4 , but also between the respective 
air intake passageways 4 1 to 4 4 and the intake collecting 



chamber 5. 
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1 . A variable intake apparatus for an in-line four-cylin- 
der internal combustion engine, comprising: 

an intake manifold defining four air intake pas- 
sages which are independent from each other 
and are curved so as to wind inwardly and a 
single intake air collecting chamber disposed in 
an internal space in the curved portion of said 
air intake passages, said four air intake passag- 
es connecting to and communicating with re- 
spective cylinders of the in-line four-cylinder in- 
ternal combustion engine, respectively, at one 
ends thereof and said single intake air collect- 
ing chamber at the other ends thereof, said four 
air intake passages being arranged sideways 
in line with each other in a direction in which 
said cylinders of said internal combustion en- 
gine are arranged; 

a rotary valve located in said intake manifold in 
such a manner that a part of the outer circum- 
ference thereof projects into intermediate por- 
tions along the length of said air intake passag- 
es in an arc-like fashion; and 
a control unit switching over the rotary valve in 
triple stages in response to the rotational speed 
of said internal combustion engine, 
wherein said rotary valve establishes or cuts off 
a communication between said air intake pas- 
sages which are adjacent to each other or be- 
tween each of pairs of air intake passages con- 
necting to and communicating with respective 
cylinders of pairs of cylinders which do not have 
successive intake strokes, at said one ends 
thereof, and wherein 

said control means is constructed such that at 
a low engine speed range of said internal com- 
bustion engine, a communication is cut off be- 
tween said air intake passages which are adja- 
cent to each other, at an intermediate engine 
speed range of said engine, a communication 
is established between each of said pairs of air 
intake passages connecting to and communi- 
cating with the respective cylinders of said pairs 
of cylinders which do not have successive in- 
take strokes at one ends thereof, and at a high 
engine speed range thereof, a communication 
is established between said air intake passag- 
es which are adjacent to each other. 

2. The variable intake apparatus as set forth in Claim 
1 , wherein said rotary valve has three imaginary 
surfaces including first, second and third imaginary 
surfaces which are partitioned circumferentially at 
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equal intervals as viewed from the side in an axial 
direction of said valve, said three imaginary surfac- 
es being adapted to be circumferentially switched 
over in triple stages in response to the rotational 
speed of said internal combustion engine. 

3. The variable intake apparatus as set forth in Claim 

2, wherein said rotary valve is provided between an 
intermediate portion along the length of said air in- 
take passages and said intake air collecting cham- 
ber in such a manner as to establish or cut off a 
communication in a shortcut fashion between said 
respective air intake passages and said intake air 
collecting chamber, and 

a communication is established in a shortcut 
fashion between said respective air intake passag- 
es and said intake air collecting chamber at the high 
engine speed range. 

4. The variable intake apparatus as set forth in Claim 

3, wherein a side of said first imaginary surface has 
a first communicating chamber for establishing a 
communication between said air intake passages 
which are adjacent each other, said first communi- 
cating chamber being constructed so as to establish 
a communication in a shortcutfashion between said 
respective air intake passages and said intake air 
collecting chamber. 

5. The variable intake apparatus as set forth in Claim 
2, wherein a side of said second imaginary surface 
has two second communicating chambers for es- 
tablishing a communication between each of said 
two pairs of air intake passages connecting to and 
communicating with the respective cylinders of said 
pairs of cylinders which do not have successive in- 
take strokes at one ends thereof, and wherein one 
of said two second communicating chambers is 
constructed so as to establish a communication be- 
tween a pair of air intake passages which are adja- 
cent to each other, whereas the other of said two 
second communicating chambers is constructed so 
as to establish a communication between a pair of 
air intake passages which are spaced away from 
each other. 

6. The variable intake apparatus as set forth in Claim 
5, wherein a side of a first imaginary surface has a 
first communicating chamber for establishing a 
communication between said air intake passages 
which are adjacent each other, and said one of said 
two second communicating chambers includes a 
chamber portion formed when said first communi- 
cating chamber is closed with a main body wall of 
said variable intake apparatus. 

7. The variable intake apparatus as set forth in Claim 
2, wherein a side of said third imaginary surface has 



a partition wall for cutting off a communication be- 
tween said air intake passages which are adjacent 
to each other, said partition wall being constructed 
so as to cut off a communication between said re- 
5 spective air intake passages and said intake air col- 
lecting chamber based on the rotation of said rotary 
valve. 

8. The variable intake apparatus as set forth in Claim 
10 2, wherein said rotary valve has in an interior thereof 

four passages which are independent from each 
other and two communicating chambers, wherein 

said four passages of said rotary valve are de- 
15 fined by a first partition wall extending between 

two vertexes of an equilateral triangle that is ob- 
tained by dividing equilaterally circumferential- 
ly the outer circumference of said rotary valve 
into three and having a length corresponding to 
20 the length over which said four air intake pas- 

sages are arranged sideways in line with each 
other and three second partition walls which are 
provided on said first partition wall contiguously 
therewith so as to cut off a communication be- 
25 tween said adjacent air intake passages, said 

four passages being made to open outwardly, 
wherein 

one of said two communicating chambers is de- 
fined by a third partition wall extending between 

so a remaining vertex of said equilateral triangle 

and one side edge or a point in the vicinity of 
said one side edge of said first partition wall and 
having a length corresponding to the length 
over which said two central air intake passages 

35 are arranged sideways in line with each other 

and two fourth partition walls provided at least 
on said third partition wall contiguously there- 
with so as to cut off a communication between 
the left-side pair of adjacent air intake passag- 

^0 es and the right-side pair of adjacent air intake 

passages, respectively, said one of said two 
communicating chambers being made to open 
outwardly, and wherein 

the other of said two communicating chambers 
^5 consists of a space resultant when excluding 

said four passages and said one of said two 
communicating chambers, said the other of 
said two communicating chambers being made 
to open outwardly. 

50 

9. The variable intake apparatus as set forth in Claim 
2, wherein seal piates are mounted on an outer cir- 
cumferential surface of said rotary valve at three lo- 
cations which are directed in an axially longitudinal 

55 direction and spaced away from each other in a cir- 
cumferential direction, and wherein 

seal rings are mounted on the outer circum- 
ferential surface of said rotary valve at locations 
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which are directed in the circumferential direction, 
spaced away from each other in the axially longitu- 
dinal direction and cuts off a communication be- 
tween said air intake passages, said seal rings be- 
ing integrally retained at least two locations which 5 
intersect with said seal plates. 

10. The variable intake apparatus as set forth in Claim 
9, wherein said seal plates and said seal rings are 
made integral with each other through fitting of re- 10 
cessed portions formed, respectively, in said seal 
plates and said seal rings. 

11 . The variable intake apparatus as set forth in Claim 

I, wherein said four air intake passages are ar- is 
ranged in parallel in the arrangement direction of 
said cylinders of said internal combustion engine 
such that said air intake passages connecting to 
and communicating with pairs of the cylinders which 

do not have successive intake strokes are located 20 
sideways adjacent to each other except for an in- 
tersecting portion of said air intake passages which 
is in the vicinity of where said air intake passages 
connect to and communicate with said respective 
cylinders of said engine at said one ends thereof. 25 

12. The variable intake apparatus as set forth in Claim 

II, wherein said rotary valve has three imaginary 
surfaces including first, second and third imaginary 
surfaces which are partitioned circumferentially at 30 
equal intervals as viewed from the side in an axial 
direction of said valve, said three imaginary surfac- 
es being adapted to be circumferentially switched 
over in triple stages in response to the rotational 
speed of said internal combustion engine. 35 

13. The variable intake apparatus as set forth in Claim 

12, wherein said rotary valve is disposed in such a 
manner that substantially one third of the outer cir- 
cumference thereof projects into an intermediate 40 
portion along the length of said air intake passages 

in an arc-like fashion, while at least a part of the re- 
maining portion of the outer circumference thereof 
is embraced by a wall of said intake air collecting 
chamber. 45 

14. The variable intake apparatus as set forth in Claim 

13, wherein said rotary valve has four passages 
which are independent from each other and three 
communicating chambers, said four passages and so 
said three communicating chambers being respec- 
tively made to open outwardly, wherein 

said four passages of said rotary valve are de- 
fined by a first partition wall extending between 55 
two vertexes of an equilateral triangle that is ob- 
tained by dividing equilaterally circumferential- 
ly the outer circumference of said rotary valve 



into three and having a length corresponding to 
the length over which said four air intake pas- 
sages are arranged sideways in line with each 
other and three second partition walls wh ich are 
provided on said first partition wall contiguously 
therewith so as to cut off a communication be- 
tween said adjacent air intake passages, 
wherein 

two of said three communicating chambers are 
defined and by a third partition wall extending 
between a remaining vertex of said equilateral 
triangle and one side edge or a point in the vi- 
cinity of said one side edge of said first partition 
wall and having a length corresponding to the 
length over which said two central air intake 
passages are arranged sideways in line with 
each other and a fourth partition wall provided 
at least on said third partition wall contiguously 
therewith so as to cut off a communication be- 
tween the two centrally positioned adjacent air 
intake passages of said four air intake passag- 
es, and wherein 

the other of said three communicating cham- 
bers consists of a space resultant when exclud- 
ing said four passages and said two of said 
three communicating chambers. 

15. The variable intake apparatus as set forth in Claim 
11, wherein said rotary valve has three imaginary 
surfaces including first, which are partitioned cir- 
cumferentially as viewed from the side in an axial 
direction of said valve, said three imaginary surfac- 
es being adapted to be circumferentially switched 
over in triple stages in response to the rotational 
speed of said internal combustion engine, wherein 

said rotary valve is provided in such a manner 
that substantially one fourth of the outer circum- 
ference thereof projects into an intermediate 
portion along the length of said air intake pas- 
sageways in an arc-like fashion, and wherein 
said three imaginary surfaces comprises two 
imaginary surfaces which are each an arc hav- 
ing a length equal to one fourth of the outer cir- 
cumference of said rotary valve and one imag- 
inary surface which is an arc having a length 
equal to a half of the outer circumference of 
said rotary valve. 

16. The variable intake apparatus as set forth in Claim 
15, wherein said rotary valve has four passages 
which are independent from each other and three 
communicating chambers, said four passages and 
said three communicating chambers being respec- 
tively made to open outwardly, wherein 

said four passages of said rotary valve are de- 
fined by a first partition wall extending between 
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two vertexes of a quadrate that is obtained by 
dividing equilaterally circumferential ly the outer 
circumference of said rotary valve into four and 
having a length corresponding to the length 
over which said four air intake passages are ar- 5 
ranged sideways in line with each other and 
three second partition walls which are provided 
on said first partition wall contiguously there- 
with so as to cut off a communication between 
said adjacent air intake passages, wherein 10 
two of said three communicating chambers are 
defined by a third partition wall extending be- 
tween two vertexes of said quadrate which face 
each other diagonally and having a length cor- 
responding to the length over which said four *5 
air intake passages are arranged sideways in 
line with each other and a fourth partition wall 
provided so as to contiguously extend between 
said third partition wall and said first partition 
wall to thereby cut off a communication be- 20 
tween the two centrally positioned adjacent air 
intake passages of said four air intake passag- 
es, and wherein 

the other of said three communicating cham- 
bers consists of a space resultant when exclud- 25 
ing said four passages and said two of said 
three communicating chambers. 
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